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October 12, 1984

Mr. Richard D. Reardon, Chief, Engineering Division
Department of the Army

New England Division, Corps of Engineers

424 Trapelo Road

Waltham, Massachusetts 02154

RE:

CONTRACT NO. DACW33-84-C-0022
Inspection and Condition Report
Vertical Lift Railroad Bridge
Cape Cod Canal :

Buzzards Bay, Massachusetts

Dear Mr., Reardon:

In accordance with the referenced contract, we submit,

herewith, our report on the inspection, evaluation and condition of
the Vertical Lift Railroad Bridge over the Cape Cod Canal at Buzzards
Bay, Massachusetts.

Our inspection and evaluation of the structure reveals that the

two items that should be of most concern to the Corps are the con-

dition of the counterweight cables and the counterweight sheave roller
bearings. The condition of these two items, if not corrected as soon
as possible, may further deteriorate to a point where the operation of
the 1ift span will be jeopardized, and adversely affect both rail and
canal traffic. We recommend that the condition of these items be
given your immediate attention.

We express our appreciation for the excellent assistance and
cooperation your staff, in both the Waltham and Cape Cod Canal
offices, gave to us during the course of our activities. We trust
that the contents of the final report meet with your apppoval. I[f
however, there are questions, do not hesitate to contact us.

Very truly yours,

JJS:BPS:dmg

encl/as

HARRISBURG, PA. NEW ORLEANS. LA POUGHKEEPSIE. N. Y ARLINGTON. VA CHARLESTON.S. C.
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VOLUME I

IN-DEPTH INSPECTION AND CONDITION REPORT
VERTICAL LIFT RAILROAD BRIDGE
CAPE COD CANAL
BUZZARDS BAY, MASSACHUSETTS

I. PROJECT AUTHORITY

U. S. Army Corps of Engineers' Engineering Regulation No.
1110-2-100, dated 28 February 1983, entitled "Engineering and Design,
Periodic Inspection and Continuing Evaluation of Completed Civil Works
Structures", prescribes the procedures to be followed in periodically
inspecting and evaluating those U. S. Army Corps of Engineers civil works
structures, whose failure or partial failure would endanger the lives of
the public or cause substantial property damage and impair the operational
capability and/or serviceability of the structures.

In accordance with the authority derived from ER 1110-2-100, the New
England Division, U, S. Army Corps of Engineers entered into Contract No.
DACW33-84-C-0022, dated 17 April 1984 with Modjeski and Masters, Consulting
Engineers, for a detailed inspection, evaluation and condition report for
the Buzzards Bay Vertical Lift Railroad Bridge over the Cape Cod Canal at
Buzzards Bay, Massachusetts.

II. PROJECT DESCRIPTION

The Buzzards Bay Railroad Bridge over the Cape Cod Canal is a
single-track, open deck steel structure {see Figure 1, location map and
Figure 2, a general plan and elevation of the bridge).

The bridge was constructed for, and under the supervision of the,
U. S. Army Corps of Engineers. Construction commenced on December 12,
1933, and the bridge was put into operation on December 27, 1935. The
bridge is 806 feet long from abutment-to-abutment, and consists of a 544
foot long 1ift span and two 128 foot long tower spans. The abutments and
the piers were constructed within steel sheet piling cofferdams and are
supported on oak bearing piles. The abutments and the piers are faced with
granite above and below the waterline,

The 1ift span is power-driven, and it is actuated by four 150
horsepower, 440 volt, 3-phase, 60 cycle electric motors. Auxiliary power
can be provided by a 500,000 watt diesel generator.

The bridge has served the New York, New Haven and Hartford Railroad
Company; the New York Central Railroad, the Penn Central Railroad; and the
Consolidated Railway Corporation. The approach tracks are currently owned
by the Commonwealth of Massachusetts. The bridge currently serves the Bay
Colony Railroad Corporation of Lexington, Massachusetts, and the Cape Cod
and Hyannis Raiiroad, Inc. of Hyannis, Massachusetts. The Bay Colony
Railroad provides freight train services to the Cape several times a week.
The Cape Cod and Hyannis Railroad, Inc. operates four daily passenger
trains to Buzzards Bay from the Cape between mid-April and October.
Although the bridge is owned by the U. S. Army Corps of Engineers, it is
cperated and maintained by personnel of the Bay Colony Railroad on a 100
percent reimbursable basis by the U. S. Army Corps of Engineers.
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IIT. INSPECTION ORGANIZATION

On April 23, 1984, Modjeski and Masters received a Notice to Proceed
with the project. An in-depth field inspection of the bridge was held
during the following periods:

April 30 - May 18, 1984
June 4 - June 9, 1984
June 21, 1584

Mr. Joseph J. Scherrer was the Partner-in-Charge of the project,
under whose general direction the entire inspection took place.
Mr. Boyd P. Strain, Jr. was the Project Manager for both the field inspec-
tion and the subsequent evaluation and report phases of the project.

The following Modjeski and Masters' personnel participated in the
inspection of the bridge:

Mr. Richard A. Little, P. E. - Field Project Engineer
Mr. Gary G. Cummings, P. E. - Engineer

Mr. Kenneth M. Kowalick, P. E. - Engineer

Mr. Michael F. Britt, EIT - Engineer

Mr. Lance V. Borden, P, E. - Electrical Engineer

Mr. Garry L. Fasick - Electrical Technician

Seven sub-consultants/sub-contractors were engaged by Modjeski and
Masters to inspect those components of the structure which required spe-
cialized knowledge and skilis. An eighth subcontractor was engaged to pro-
vide rigging for access to certain areas of the structure. The
sub-consultants/sub-contractors participating in the inspection of the
bridge were:

Milton C. Stafford, P. E., Consulting Mechanical Engineer
39 Union Avenue
Bala Cynwyd, Pennsylvania 19004

Arnold Greene Testing Laboratory/Division of Conam Inspection
6 Huron Drive

Natick, Massachusetts 01760

(617) 235-7330

Childs Engineering Corporation
Box 333

Medfield, Massachusetts 02052
(617) 359-8945

Cooper Energy Services
North Sandusky Street
Mount Vernon, Ohio 43050
(614) 397-0121

Weston Geophysical Corporation
Lyons Street

P. 0. Box 550

Westboro, Massachusetts 01581
(617) 366-9191



Westinghouse Electric Corporation
Industry Services Divisions

New England Engineering Service
10 California Avenue

Framingham, Massachusetts 01701
(617) 237-6950

Cahn - Consulting Engineers and Planners
20 Alexander Drive

P. 0. Box 767

Wallingford, Connecticut 06492

(203) 265-6741

George Campbell Painting Corporation
P. 0. Box 631

40-11 149th Street

Flushing, New York 11352

(215) 353-8330

A1l of the structural steel superstructure components of the bridge
and the above-water portions of the abutments and piers were inspected by
Messrs. Little, Cummings, Kowalick and Britt. Most of the above-water
structural inspection was made during the period April 30 - May 18, 1984,
During the period between June 4 - 9, 1984, Messrs. Little and Cummings
completed the superstructure inspection, including the tower metalwork and
backstay cables. During both of the aforementioned periods, rigging and
assistance was provided by personnel of the George Campbell Painting
Corporation.

The underwater portion of the tower piers was inspected by
engineer/divers provided by Childs Engineering Corporation. The underwater
inspection was conducted on the days of May 8-10, and May 14-17, 1984
during the hours of slack water.

The abutments and the piers were surveyed horizontally and
vertically, and the plumb of the towers was checked transversely and longi-
tudinally by Cahn - Consulting Engineers and Planners. The surveying was
performed on May 8, 9, 10 and June 21, 1984.

Vibration measurements were recorded on the 1ift span and at the top
of the towers by Weston Geophysical Corporation on June 6 and 7, 1984.

Non-destructive (magnetic particle) testing for fatigue cracks and
other defects was performed by Arnold Greene Testing Laboratory/Division of
Conam Inspection on May 10, 1984,

The electrical equipment was inspected by Messrs. Borden and Fasick
during the period April 30 - May 11, 1984. On May 2, 1984, personnel from
Westinghouse Electric Corporation - Industry Services Division, inspected
the oil-filled transformers and related switching gear, and obtained trans-
former oil samples for laboratory testing. The main emergency diesel
generator was inspected and tested by personnel from Cooper Energy Services
on May 8 and 9, 1984,

The mechanical equipment was inspected by Milton C. Stafford, P. E.,
Consulting Mechanical Engineer during the periods April 30 - May 18 and
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June 4 - 9, 1984, A representative from the Torrington Company assisted
with the inspection of the sheave roller bearings.

IV. MAINTENANCE HISTORY

A chronological history of major maintenance, repair and rehabilita-
tion activities for the bridge is herein listed:

1940-1941 - Cleaning and painting of superstructure.

1950-1952 - Cleaning and painting of superstructure.

1954 - Railroad tie replacement work, and installation of new
diesel auxiliary generator begun.

1955 - Railroad tie replacement work, construction of new
generator house, installation of new diesel auxiliary
generator completed, and installation of new power
cables begun.

1956 - Installation of new power cables completed, and
generator house remodeled.

1957 - Installation of fence around generator house.

1958-1960 - Painting of superstructure.

1960-1961 - Replacement of all main counterweight cables.
1966 - Installation of new elevators and enclosures.
1967 - Painting of superstructure.

1973-1974 - Painting of superstructure.

1976-1977 - Miscellaneous structural, electrical and mechanical
repairs, modifications and rehabilitation.
Replacement of main and secondary messenger cables.
Repair of south backstay anchorage concrete.

1981-1982 Painting of superstructure.

V. INSPECTION FINDINGS AND RECOMMENDATIONS

A detailed discussion of the inspection findings is presented in the
text of this report (Volume I). The report on the findings is divided in
parts, with each part covering a major element of the bridge or specialized
portion of the examination. Drawings, sketches and tables are included
with each part of the report for reference. Recommendations for main-
tenance and repair or replacement of elements are presented in the respec-
tive parts. A complete summary of repair recommendations with priority
ratings and estimated costs is presented in Part V-8,



Select colored photographs taken during the course of the examina-
tion to show typical or specific conditions are included herein. A
majority of all the photographs showing general views of the bridge, the
inspection procedures used throughout the work and general and specific
conditions encountered are presented in a separate bound volume (Volume
I1). Photograph numbers referenced in the text are preceded with a Roman
numerical indicating the volume in which they are included.
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PART V-1
SUBSTRUCTURE




PART V-1 - SUBSTRUCTURE

The main substructure elements of the bridge consist of two rein-
forced concrete piers and two reinforced concrete abutments. The distance
center-to-center of the piers is 550 feet and the centerline of the abut-
ments is approximately 128 feet shoreward of the piers. Copies of the ori-
ginal contract drawings, showing the site topography and borings "as-built"
configuration and the details of the substructure units, follow this part
of the report as Figures 1-1, 1-2, 1-3 and 1-4.

The piers and abutments were originally designed to rest on spread
footings at Elevations 38 and 77, respectively (refer to Figure 2). During
construction, it was determined that the use of spread footings was not
feasible, and the design was revised to place each substructure unit on oak
bearing piles. The bottom of the pier footings was raised to Elevation 55;
however, the bottom of the abutment footings remained at original design
elevation. The piers and abutments are faced with granite for a distance
of 5 feet above and 5 feet below mean sea level.

Reinforced concrete blocks, anchor the 1-1/4 inch diameter backstay
and overhead main messenger cables for the bridge about 60 feet behind each
abutment. Each of the four blocks is 8 feet wide, 8 feet high and 10 feet
Tong. The bottom of the blocks are at Elevation 100.

The main piers and abutments are designated as follows throughout
the report.

Substructure Unit Designation

South Abutment A
South Pier B
North Pier C
North Abutment D

Backstay Anchorages

The visible portions of the concrete cover at all four backstay
anchorage units appear to be in good condition. Only minor hairline cracks
or spalls were noted on the surfaces. The concrete cover on the two south
anchorages was repaired in 1977. The northeast anchorage is encircled with
cement block walls forming a pit. Minor cracks exist in the walls and
debris is accumulating in the pit.

The visible elements of the anchorage metalwork are structurally
sound. Surface corrosion exists on the metalwork of all four units {see
Photograph I-2). Pitting, a maximum 1/16 to 3/32 inch deep, was noted in
the webs of the Tongitudinal support beams of the north anchorages adjacent
to the concrete embedment. Two 3/4 inch bolts, with beveled washers, are
missing in the bottom flange of the lower transverse channel of the
northeast anchorage and one other bolt is loose. A similar bolt and washer
is missing at the southeast anchorage unit. Photographs 11-28, 29 and 30
illustrate the other backstay anchorage units.



Photograph I-2 - Southwest
backstay anchorage
metalwork. Note typical
corrosion.

Abutments

Abutments A and D remain in generally good condition. There are no
indications of settlement or movement. The exposed concrete surfaces of
the bearing seats, backwalls and wingwalls are somewhat rough from the
long-term effects of the weather. At Abutment A, several hairline cracks
traverse the bridge seat between the truss bearings. A crack about 1/32
inch wide exists in the concrete, approximately 6 feet east of the center
rocker bearing. The mortar fill around the center bearing base plate is
cracked, with sections displaced (see Photograph I1I1-35).

A steel bracket, attached to each end of the Abutment D coping for
support of a waterline, is severely deteriorated from corrosion.

The granite facing on the abutments from the channel bottom to the
coping concrete is sound. Short lengths of pointing are missing in the
joints. Abutment A has about 6 feet of pointing missing from the horizon-
tal joint below the upper course of granite and from a vertical joint on
the west end. Approximately 4 feet of pointing is missing from the hori-
zontal joint below the upper course of granite at the east end of Abutment
D.



The canal bank adjacent to each abutment is protected by a satisfac-
tory amount of rock riprap and there is no evidence of slope erosion above
the protection. There are no locations where earth or rock fills are
greater than provided for in the original design. Photographs II-31
through 34 and II-42, 43 and 44 illustrate the abutments.

Piers

Coping

The concrete coping of both piers was visually examined and sounded
with hammers to determine deteriorated or unsound concrete areas. The
horizontal concrete surfaces of both piers are spalled (1/2 to 1 inch
deep), generally around bearing plates where moisture collects. A major
spalled area exists in the northwest quadrant of the Pier B coping. No
reinforcing is presently exposed at the spalled areas. Pier B has approxi-
mately 160 square feet and Pier C has about 96 square feet of deteriorating
and unsound concrete. Transverse hairline cracks of minor significance
exist in the upper surfaces of both piers. Figure 1-5 and Photographs I-3
and II-36, 40 and 41 show the spalled and unsound concrete areas on the
pier tops.

Photograph 1-3 - View of spalled and unsound areas on Pier C near west
jacking plate.

The entrance to the submarine cable ducts on each pier is covered
with a corrugated plate and secured with a lock bar. The angles of the
support frames are corroded and the lock bar straps are severely laminated
and bent upward, due to the forces of corrosion (see Photograph II-38).
The heads of the eye-bolts securing the lock bar to the pier are separated
at Pier C and have partial loss of section at Pier B.

-10-



Stem, Base and Cofferdam Sheeting

The granite facing above the water and the accessible underwater
portions of the piers was visually examined by the divers. Several loca-
tions on the pier surfaces were cleaned of marine growth for closer exami-
nation of the surface. The soundness of the concrete was evaluated by
striking the surface with a hammer. Thickness measurements of the sheet
pile cofferdam surrounding the concrete base were recorded at selected
elevations, using a Krautkramer D-Meter equipped with an underwater probe.

A brief presentation of the underwater findings is presented herein.
The complete report of the underwater examination of the bridge piers, pre-
pared by Childs Engineering Corporation, is included as Appendix E of this
report. The photographs of the underwater inspection are included in
Volume II.

Riprap stones, ranging in size from 12 to 18 inches, were noted on
top of both pier concrete bases adjacent to the pier stem at Elevation
75.0. Heavy marine growth covers all portions of the piers from Elevation
100 to the mud line. The growth consists mainly of mussels and sponges,
along with thin layers of algae. At some locations, the mussel growth is
one foot thick. Between Elevation 100 and approximately Elevation 103,
there is light barnacle growth on the granite facing.

The underwater concrete portions of the piers are in sound
condition. No spalling, cracking or deterioration of the concrete stems
was noted. The concrete was found to have a "soft" surface, 1/8 inch or
less, when sounded with a hammer.

The cofferdam sheet piling is generally in good condition.
Corrosion residue on the steel is 3/8 inch to 1/2 inch thick, with an outer
layer of hard, crusty material. Below the outer layer, there are pockets
of trapped gas accompanying a soft black layer of corrosion residue. The
surfaces of the cleaned steel are slightly pitted with a maximum depth of
less than 1/16 inch. Ultrasonic readings indicate average steel
thicknesses of .330 inch (web) and .400 inch (flange) at Pier B, and .315
inch (web) and .390 inch (flange) at Pier C. The minimum thicknesses are
.215 inch in a flange at Pier B and .205 inch in a flange at Pier C. The
sheet piling was installed only as a method for constructing the piers, and
now serves as protection for the concrete base. The loss of steel due to
corrosion is not structurally significant.

Near the northeast corner of the Pier B cofferdam and the northwest
corner of the Pier C cofferdam, the sheet pile wall appears to have been
damaged by impact. Sections of sheet pile are bent over the top of the
concrete base at Elevation 75 at both locations. Local crushing of the
concrete base exists at these areas; however, no repairs are required.

Approximately 10 feet to the south of the southeast corner of Pier B
cofferdam, three isolated sections of sheeting were not removed after
construction. The top of these sheets are about Elevation 88 and may pose
a problem for marine craft operating to the south of Pier B.

Along the west face of the Pier B cofferdam, there are seven 3 inch
pipes leaning against the sheet pile wall. The pipes, spaced at approxima-
tely 2 feet centers, have no apparent function.

-11-



The cofferdam at Pier C has one split interlock along the channel
face, approximately 20 feet to the west of the southeast corner. The base
concrete, which is exposed at the separation, appears to be in sound
condition.

The joints between the granite blocks of both piers are generally in
excellent condition. At the east and west ends deteriorated grout exists
in the horizontal joints below the first and second courses of granite from
the top, to a maximum depth of 10 inches. Pier B has a total of 62 linear
feet and Pier C a total of 50 linear feet of deteriorated joint grout.

Hydrographic Survey

Soundings were made of the channel bottom between the abutments and
piers and on the channel side of each pier, using a white line recording
fathometer. Nine runs were made on 25 foot centers parallel to the bridge
(see Appendix E, Figure 597-84-6). Established elevations were used as a
reference at the time of each run. Adjustments were then made, with the
soundings shown on the drawing being referenced to mean low water
(Elevation 98.3). The soundings were compared with a similar survey per-
formed in 1971, with the results indicating there has been little or no
change in the channel elevation.

On the channel side of Pier B, there is 7 to 9 feet of material be-

tween the channel bottom and bottom of footing. At Pier C, the depth is 9
to 15 feet. The depth of cover is satisfactory at both piers.

Alignment Survey

Since construction of the structure in 1935, the horizontal and ver-
tical alignment of the piers and abutments have been checked by surveys at
frequent intervals. The initial survey was performed in November and
December, 1936, approximately one year after the bridge was placed in
operation. The results of the surveys have been tabulated on a U. S. Army
Corps of Engineers drawing entitled, "Railroad Bridge Alignment and
Levels". A copy of this drawing, with the results of the 1984 survey,
follows this part of the report as Figure 1-6.

Concrete monuments, with bronze plates, were established behind each
abutment to provide two longitudinal reference lines across the bridge for
the horizontal alignment surveys. Brass plugs were set on the longitudinal
lines on each substructure unit near the ends. The two brass plugs set on
the abutments are also used for elevation checks, while four additional
plugs were set in each pier for elevation reference. Two are on bridge
centerline and one is located near each nose. An additional concrete monu-
ment was established behind each abutment with a bronze plate to serve as a
bench mark. Elevation checks on Abutment A and Pier B were most likely
checked from the south bench mark (AA) and elevations on Pier C and
Abutment D from the north bench mark (DD).
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Horizontal Alignment

The brass plate in the southeast horizontal control monument (AE)
was found missing and the top of the monument spalled (see Photograph I-4).
The monument appears to be in the direct line of a bicycle and motor cycle
path from an adjacent road along the Canal (refer to Photograph 11-23).

Since Figure 1-6, showing the layout of the control monuments was
not available at the time of the initial survey, a wooden plug was placed
in the drill hole of the monument and a tack placed in the center of the
plug for use as a reference point.

Photograph I-4 - Bronze plate is missing and the concrete is spalled on
horizontal control Monument AE. Note adjacent bike
tracks.

The changes in the monument reference distances, distances between
piers and abutments and transverse offsets revealed by the surveys between
1936 and 1984 are shown on Figure 1-4. The comparison of results indicates
little significant change, except for the transverse alignment on the east
end of Abutment A and Pier B, the distances between Abutment A and both
south control Monuments AE and AW and the distance between Abutment D and
Monument DW. The above noted major changes in offsets and distances (9/16
to 1-7/16 inches) appear to be associated with movement of the control
monuments and not the substructure units. Figure 1-6 indicates Monument DE
had to be re-established in 1963 and Monument AW has possibly moved. The
angles and distances of a traverse made of the four monuments has been
added to Figure 1-4.
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Vertical Alignment

A bench mark on the west edge of a small parking lot near the U. S,
Army Corps of Engineers' boat dock was used for control of the elevation
survey, since the original control information shown on Figure 1-6 was not
initially available. The elevation of this control is 109.79 mean sea
level. The resulting elevations on the abutments and piers when using the
above bench mark were consistently over 1 inch higher than the elevations
recorded in 1971. After the initial survey was completed, Figure 1-6 was
located in the U, S. Army Corps of Engineers' office. A subsequent check
between temporary bench marks of the original level run and Bench Marks AA
and DD on the south and north sides of the Canal, revealed .083 feet and
.119 feet, respective difference, in elevations. The 1984 elevations shown
on Figure 1-6 are adjusted to the elevations shown for Bench Marks AA and
DD.

The changes in the elevations recorded for the piers and abutments
between 1936 and 1984 are shown on Figures 1-2 and 1-3. The substructure
units appear to have risen an insignificant amount. The average of the
change in elevations at each unit indicate a 1/8, 1/4, 3/8 and 5/16 inch
rise of the respective substructure units A through D. No adverse affects
on the superstructure should be realized by substructure movements of this
magnitude.

Foundation Review

In addition to the alignment and level survey of the substructure
units, the vertical alignment of each tower was checked. A transit was
used to scan the edge of a column on each tower from locations on the canal
banks. No perceptible deviation in the verticality of either tower was
noted.

The findings of the underwater examination, hydrographic survey,
alignment and level surveys, expansion bearing leans (see Part V-2) and
alignment ¢of the towers indicates that the piers and abutments are stable,
with no significant settlement or Tongitudinal movement. A review of the
original core borings shown on Figure 1-1 indicates that the development of
futu;e problems concerning the stability of substructure units is highly
unlikely.

Recommendations

Backstay Anchorages

1. Replace two bolts and tighten a third fastener in the northeast
anchorage metalwork. Replace a similar fastener at the
southeast anchorage.

2. Trim vegetation at all units and remove debris from pit at
northeast anchorage.

3. Thoroughly sandblast clean and paint metalwork.
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Abutments

4.

10.

Surveys
11,

12.

Replace the displaced and cracked mortar fill around the center
bearing base plate on Abutment A.

Clean granite facing joints of loose mortar and replace about 6
and 4 Tinear feet of missing pointing at Abutments A and D,
respectively.

Replace the two steel support brackets attached to the coping of
Abutment D.

Repair spalled and unsound concrete areas on the horizontal and
vertical surfaces of the pier copings.

Clean granite facing joints of loose mortar and replace about 62
and 50 linear feet of missing pointing at Piers B and C,
respectively.

Burn off the three sections of sheet piling at the channel bot-
tom at the southeast corner of Pier B.

Replace the lock bars and eye-bolt anchors for the corrugated
covers over the submarine ducts in both piers.

Establish new horizontal control Monuments AE and AW on the
south side of the channel.

Continue periodic alignment, elevation and sounding checks for
the bridge substructure.

-15-
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PART V-2 - SUPERSTRUCTURE

The superstructure includes the Tift span, the north approach span
and tower, and the south approach span and tower. The findings of the in-
depth examination of all structural members within these three portions of
the bridge are presented in this section of the report. Recommendations
for maintenance and repairs are included at the end of the findings for
each span.

Access to most of the bridge structural components was gained by
climbing (see Photographs 11-45, 47 and 51). The floor system members of
each span, the sides of the towers and the backstay cables were examined
with the aid of movable scaffolding or personnel baskets placed by a
rigging subcontractor (see Photographs 11-46, 48, 49 and 50).

Figures 2-1, 2-2 and 2-3 show the span and tower members described
in the following findings.

The superstructure members are generally in good structural
condition. Significant section loss was noted in lacing bars of the truss
and tower primary and secondary members. Major section loss was also noted
in occasional rivets and bolts. A1l lacing bars with an estimated loss of
cross-section over 25 to 30 percent are tabulated at the end of this
Section. Rivets and bolts with 50 percent or greater loss of head or nut
are listed in the recommendations for each span.

Although the bridge was last painted in 1981-82, paint deterioration
is evident at many areas of underlying accumulations or "pockets" of rust,
especially around connections. The corrosion residue is visible under the
new paint, indicating the metalwork was not properly cleaned prior to
repainting. Generally, no significant loss of metalwork section was
obsgrved on the webs, angles or cover plates of the primary or secondary
members.

V-2-1 - LIFT SPAN

The major finding in the 1ift span is the significant section loss
in many of the truss and sway frame lacing bars. Areas of the metalwork
require a thorough cleaning and painting.

Bearings

The expansion rocker bearings at the north end of the span, the
fixed shoes at the south end and the centering castings at each end are
functioning properly.

A small gap and rust stains, indicating minor relative movement, was
observed between the expansion bearing upper shoes and the truss horizontal
connection plates on the inboard end of both devices. A scraper blade can
be inserted in the gap at the west bearing (see Photograph I-5). This con-
dition may be caused by elongated connection bolts.
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Photograph I-5 - Note rust stains and gap between west expansion bearing
upper shoe and horizontal connection plate.

During and after seating of the 1ift span, contact exists on the
south portion of the circular wear plates for the west fixed bearing upper
and lower shoes. A 1/8 inch gap exists on the top and the north side be-
tween the wear plates of the west shoes (see Photograph I-6). Normal wear
exists at the point of contact. Contact between the circular surfaces of
the upper and lower shoes at the east fixed bearing is at the crown.
Moisture and debris is being trapped in the pockets of the fixed bearing
lower shoes (see Photograph 11-56).
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Photograph 1-6 - Arrow
indicates point of
contact between shoes
at west fixed
bearing.

The contact surfaces of the expansion bearing and centering casting
parts show evidence of minor section loss due to normal wear and corrosion.
The build-up of graphite lubricant on the outer portions of the wearing
surfaces not in contact is trapping moisture and causing corrosion of the
underlying metalwork (see Photographs 11-57 and 60).

At both ends of the lift span, the slotted vertical plates which
receive the span locking mechanism when the bridge is seated, have moderate
thickness section loss, especially on the lower portion (see Photograph
I1-59). The plates need to be thoroughly cleaned and painted.

Many of the nuts and lock nuts for the turned connection bolts of
the upper shoes for the expansion and fixed bearings and both centering
casti?gs have significant section loss on the backside (see Photograph
II-58 .

Trusses
Corrosion is penetrating through the paint cover on the top chord

cover plates and at areas along the web plates (see Photographs I11-62, 63
and 77). The lacing members on the underside of top chords consist of
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channel and bar sections. Major section loss has occurred in the bar
sections, generally between Panel Points 4 and 6 and between Panel Points
4' and 6' on both trusses (see Photographs I-7 and II-61 and 64). The
channels have packed rust and section loss at their connections to the
chords.

Photograph I-7 - Deteriorated lacing bar in east top chord between Panel
Points 5' and 6'.

The truss verticals, diagonals and bottom chords are generally in
good condition, although section loss exists on the lacing bars at some
locations. Corrosion "breakouts" have developed throughout the members,
but are mainly concentrated at the bottom chord joints, where pigeon wastes
and other debris collects. Rivet heads are "blossoming" and show section
loss in the joints as a result of the corrosion (refer to Photographs II-70
through 75).

In the longer of the two bolted stay plates at the upper end of the
west truss vertical U4'-L4', the heads are missing from two connection
bolts (see Photograph 11-66). In addition, one bolt is missing in the
shorter stay plate at the upper end of the east truss vertical U4-L4,.

Table 2-1 lists the lacing bars in the 1ift span with section loss
in excess of 25 to 30 percent.

The outboard 1lift span counterweight ropes are contacting the edges
of the top chord cover plates and upper flange angles at Panel Points UO
and UO'. The edges of the cover plates and angles at UO' have been
trimmed; however, the nearest rope still is contacting the west truss (see
Photograph 11-67).
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Top Lateral and Sway Frame Bracing

A1l elements of the truss bracing appear to be structurally
functional.

Corrosion over an extended period of time has developed pitting and
general section loss on the bracing members. The existing loss on the top
lateral bracing is generally confined to the lacing bars and is not con-
sidered significant. Section loss in the sway frame lacing and several
angle sections is considered more serious and may become detrimental to the
functioning of the members (see Photograph 1-8). Packed rust and minor
section loss is evident on members at the edges of connection plates.

Photograph I-8 -
Section loss in sway
bracing angle at
Panel Point 2°'.

Moisture and debris is being trapped on the end and mid-length lower
stay plates of the inclined portal strut at Panel Points U0 and UQ'.
Corrosion, lamination and section loss is evident on the lower portions of
the plates. Drain holes have been provided in the center plate; however
these are partially clogged with debris. Moisture is also being trapped in
the upturned angle on the tower side of each portal strut (see Photograph
I1-87). Drain holes should be provided in these members.
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Photographs II-76 through 83 show conditions of the top laterals and
sway frame bracing. Table 2-1 lists the sway frame lacing bars with a
minimum loss of 25 to 30 percent. Sway frame angles in need of replacement
are listed in the recommendations.

The bottom flanges of the 1ifting girders have a heavy build-up of
paint and trapped debris, which is retaining moisture and accelerating
corrosion. The girder web areas behind the counterweight rope take-up bars
and sockets is not accessible for cleaning and painting. Corrosion residue
and section loss, up to 1/8 inch in depth, was visible in the lifting
girder webs at these locations (see Photograph [-9). Separation of paint
cover was noted on other areas of the girder webs.

Photograph I-9 -
Corrosion and section
Toss is typical in
the lifting girder
webs at the counter-
weight rope
connections.
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A minor amount of section loss exists on the counterweight rope
take-up bars at the 1ifting girder bottom flange. Moisture is being
retained in the open gaps between the bar and the flange (see Photograph
1-10) .

Photograph I-10 -
Typical corrosion and
gaps between take-up
bars and lifting
girder bottom flange.

A 1/2 inch gap exists between the bronze bearing washers and the
take-up bar anchor nut retaining plates on the underside of the lifting
girders. Corrosion and packed rust has formed in the gap.

On the south side of the lifting girder at Panel Point UO, two
fastener nuts for the east counterweight rope guide casting are severely
deteriorated.

Photographs 11-84, 85, and 86 illustrate the Tifting girders.

Floor System and Lower Lateral Bracing

No major structural defects were observed in the floorbeams,
stringers, stringer bracing or truss lower lateral bracing.
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Debris accumulation, corrosion and light section loss exists on the
lateral bracing system. Corrosion is most evident at the connection of the
laterals to the floorbeams and stringers. Minor section loss exists on
some lateral splice plates at bridge centerline and on the laterals or
stringers adjacent to the shim packs at the stringer lower flanges.

Other findings include occasional deteriorated rivet heads and
rusted areas on the stringers and floorbeams. The stringer top flange
angles show light loss of section where the walkway support channels are
connected. Photographs 11-88 through 96 show the conditions noted in the

floor system.

Walkways, Platforms and Ladders

The supports, gratings and railings of the walkways and platforms,
and the access ladders on the span are in generally good condition.

The webs of many walkway transverse support channels are corroded
with up to 1/8 inch of section loss at the top of the connection angles on
the stringer top flanges (see Photograph I-11). 1In addition, the heads of
the rivets through the channel bottom flanges at the stringers have loss of
section. At each channel a timber tie abuts the open side of the member,
preventing access for cleaning and painting. The open sides of the channel
should be thoroughly cleaned and painted and deteriorated rivets replaced
when ties are replaced. Additional rivets on the back side of the channels
pass through the connection angles mentioned above to add redundancy.

Photograph I-11 - Typical area of corrosion and section loss in walkway
support channels.
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Several deficiencies were noted in the stair railings on each end of
the span. At the bottom of the north stairs, the end cap on the west lower
inclined pipe is severely deteriorated. The short section of railing sup-
port pipe at the second "T" connection from the top of truss member UO-L1
at the south end of the span is completely missing. The west upper railing
pipe is disconnected at the elbow and the lower elbow is loose at the top
of the south stairs.

Between Panel Points L2 and L3, the NASA equipment, previously
mounted on the east truss, has been removed and newer railing sections
installed. Single 1/2 inch bolts used to connect the upper portions of the
newer railing sections to the original sections are loose. Corrosion and
rust stains from vibration movement of railing at the connections is
visible.

Section loss and pitting were noted in straps and support angles
around the flashing red navigation markers mounted on the 1ift span bottom
chords.

Photographs II-97, 98, 99 and 100 show the railing deficiencies.

A 2 x 4 inch guard timber exists between the walkway grating and end

of the timber ties in each span. The timber is deteriorated at many loca-
tions and should be replaced.

Recommendations

General

1. Cleaning and painting of the span is recommended within the next
five years. A thorough sandblast cleaning should be specified
at areas of corrosion, lamination and packed rust on members and
joints.

2. Replace the truss and sway frame lacing bars listed on Table
2-1.

Bearings

3. Remove the graphite compound from the non-contact surfaces of
the bearings, centering devices and span lock assemblies.
Remove all corrosion from the steel surfaces and apply paint to
the surfaces not in bearing and lubricant at the contact
surfaces.

4. Replace a total of 40 fasteners connecting the upper shoes of
the fixed and expansion bearings to the trusses. Replace a
total of 64 fasteners in the upper shoes of the truss centering
castings.

5. Provide an outlet for trapped moisture in the lower shoes of the
fixed castings.

-30-



Trusses

Trim the interior edge of the upper flange angle and cover plate
at Panel Point UO, east and west trusses, and Panel Point UO',

Replace a missing bolt in the upper stay plate on the north side
of the vertical at Panel Point U4, east truss, and two bolts in
the upper stay plate on the south side of the vertical at Panel

Replace a missing bolt in the lateral bracing connection at
Panel Point U5', west truss. The fastener is missing on the

a) Panel Point 2 - The upper north angle on Member KF and the

b) Panel Point 8' - The lower north angle on Member KG.
c) Panel Point 2' - The upper north angle on Member KF,
Remove the counterweight rope take-up bars from the bottom

flange of the lifting girders during replacement of the ropes,
and thoroughly sandblast clean and paint the lifting girder webs

Replace two deteriorated fasteners nuts for the east counter-
weight rope guide casting on the south side of the 1ifting

6.
west truss.
7.
Point U4', west truss.
Top Lateral and Sway Frame Bracing
8.
north side of the strut.
9. Replace the following sway frame bracing angles:
Tower north angle on Member GC.
10.
and lower flanges and the take-up bars.
11.
girder at Panel Point UO.
12.

Provide drain holes in the upturned angle on the tower side of
the end portal strut at Panel Points U0 and UO'.

Floor System and Lower Lateral Bracing (Locations of Members and

Joints are shown on Figure 2-4)

13.

Replace deteriorated rivets in the bottom flanges of the
following floorbeams:

a) Panel Point 7 - One rivet in the north flange on the out-
board side of the west stringer.

b) Panel Point 7' - Two rivets in the north flange, one below
the west stringer and one on the outboard side of the east
stringer.

c) Panel Point 3' - Four rivets in the north flange, one below
each stringer and two between the stringers. One rivet in
the south flange below the west stringer.
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d) Panel Point 2' - One rivet in the south flange between the
stringers.

14, In Panel 3'-4', replace one rivet each in the northeast and
southwest stringer-lateral bracing connections.

Walkways, Platforms and Ladders (Locations of Members and Joints are
shown on Figure 2-4)

15. Replace one missing rivet in the west stringer connection of
walkway support channel member 29.

16. Replace the end cap for the lower railing pipe at the bottom of
the north stairs. Replace the short section of pipe for the T
connection and provide new fasteners for the elbow sections of
the railings at the top of the south stairs.

17. Provide new fasteners with lock washers for the upper angle
railing sections between Panel Points 2 and 3.

18. Replace the 2 x 4 inch guard timber between the walkway grating
and the end of the ties.

V-2-2 - NORTH APPROACH SPAN AND TOWER

The truss span and tower are generally in good structural condition.
There are areas on nearly all the structural members where underlying
corrosion is penetrating through the paint cover.

Bearings

The Abutment D bearings consist of one set of roller bearings under
each truss and one floorbeam/stringer rocker bearing at bridge centerline.
On Pier C, a fixed bearing supports each stringer at the end floorbeam and
rocker shoes exist at the lower end of the tower columns. A1l the bearings
appear to be unrestricted and functioning as designed.

Previously developed corrosion is penetrating through the recent
paint cover, as illustrated in Photographs I1I1-105, 106 and 107. Corrosion
exists on the contact surfaces of the centerline rocker bearing on Abutment
D (see Photograph 11-102).

The position of the abutment expansion bearing upper shoes and
rockers was located with respect to marks placed on the fixed base plates
of the devices in 1971. The 1984 readings are consistent with the past
readings. Figure 2-5 shows the location of the reference marks on the
bearing shoes and the changes in the position of the bearings as recorded
during this examination.

The outboard anchor bolts for the west truss bearing at Abutment D

are bent to the south; however, this condition is not causing any restric-
tion and no adjustments are required.
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Trusses

Several minor deficiencies were noted in the trusses. Lacing bars,
with a minimum of 25 to 30 percent section loss exist at locations, with
the majority in the verticals and diagonals (see Photograph 1-12). Table
2-2, attached, is a listing of lacing bars with a minimum of 25 to 30 per-
cent section loss.

Photograph 1-12 - View of deteriorated lacing bars on west truss Member
u2-G.

Corrosion is active to some degree on all members, but is most
apparent at the bottom chord joints (see Photograph I1-13). Pigeon waste
and other debris has accumulated in the top and bottom chord joints.
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Photograph I-13 - Typical corrosion in truss lower chord joints.

The extent of section loss on fasteners is generally negligible, but
significant loss was noted at several locations. Ten rivets on the bottom
chord lower connection plate at Panel Point 4, east truss, have approxi-
mately 50 percent section loss and should be replaced (see Photograph
I1-108). A1l fasteners with significant section loss are listed in the.
recommendations.

Electrical conduit support bracket angles attached to the inboard
side of the east truss verticals at Panel Points U2 and U4 are severely
deteriorated and will require replacement. A conduit support angle at the
east end of the transverse strut at Panel Point Ul is also in need of
replacement (see Photographs 11-130 and 132).

Top Lateral and Sway Frame Bracing

Several deficiencies were noted in the sway bracing at Panel Points
2 and 4 and the top lateral bracing system.

The batten plate at Point E on the portal strut at Panel Point 4 has
severe section loss and will require replacement. Twelve rivets on the
east stay plate adjacent truss joint U4 require replacement.

The bracing members have areas where corrosion is penetrating
through the paint cover. The corrosion has caused light pitting and sec-
tion loss at locations generally at or adjacent to connections. Four
lacing bars on the portal at Panel Point 4 require replacement due to
extensive deterioration. These are listed on Table 2-2.
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Floor System and Lower Lateral Bracing

The surfaces of the floorbeams, stringers, stringer bracing and
Jower lateral bracing show light corrosion and deteriorated paint with
"pockets" of packed rust and minor section loss developing at connections.

Minor section loss exists on the stringer top flange angles at loca-
tions where the walkway grating support channels are fastened. Areas of
more severe corrosion exist on horizontal plates, such as the lower lateral
and stringer bracing connection and splice plates (see Photographs II-122,
123 and 128).

Fastener deterioration is not significant at this time, although
some rivet heads having section loss of 15 to 30 percent were noted. Rivet
heads in floorbeam top flange cover plates under the walkway grating have
been trimmed for clearance. Corrosion has further reduced the heads of
several fasteners and replacement is warranted.

Pack rust exists between the vertical legs of some back-to-back
lateral bracing angles (see Photograph 11-127).

Jacking Strut

Two jacking struts are provided for placement between the 1ift span
end floorbeam and lifting girder when the counterweight ropes are replaced.
One strut is stored in the north span and one in the south span along the
west stringer between Panel Points 1 and 2. The repairs recommended for
the struts in the 1971 Inspection Report were completed. DOrain holes were
provided in the web; however, corrosion of the strut metalwork is
continuing. Packed rust has formed between the shim plates on the north
enga)causing section loss and displacement of the plates (see Photograph
I-14).

Photograph I-14 - Displaced shim plates and packed rust at lower end of
north span jacking strut.
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Tower Members

The towers consist primarily of four columns with diagonal and hori-
zontal bracing. The towers support the main sheaves, counterweights, 1lift
span and associated machinery. The structural members are generally in
good functional condition. The main deficiency concerns areas of con-
tinuing corrosion due to improper cleaning prior to repainting.

Corrosion and section loss are a concern on the outboard side of the
interior web plates of the rear columns directly above the electrical con-
duit support angles (see Photographs I-15 and II-137). The web section
loss is presently 1/16 to 1/4 inch in depth along the top of the angles.
The area is not easily accessible and was not thoroughly cleaned during the
most recent painting contract. The support angles should be removed to aid
in thoroughly cleaning and painting the web plates. Support angles not
presently being utilized, should not be reattached.

Photograph I-15 - Corrosion and section loss on interior web plate at
bracket near top of east rear column.

Section loss also exists on the inboard side of the web plates of
the rear columns adjacent to the vertical connection angles for the center
set of lacing (see Photograph I-16). The present depth of loss is 1/8 to
3/16 inches. This area will require special cleaning and painting.
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Photograph I-16 -
Corrosion and section
loss in rear column
web plate adjacent
center lacing connec-
tion angle.

Excessive deterioration exists in several lacing bars of the bracing
members. Those with section loss in the range of 25 to 30 percent and over
are listed in Table 2-2. The front tower columns are perforated on the
rear face and a horizontal diaphgram plate is located in the column, just
below each opening. Extensive corrosion exists on the diaphgram plates,
connection angles and rivets. Typically, the rivets are "blossoming" with
an estimated 15 to 20 percent section loss and the angles and plates are
generally laminated (see Photograph 1-17 and 1I1-141). Metalwork corrosion
in the west front column is more advanced, with some rivet heads having
more than 50 percent loss of section.
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Photograph I-17 - Typical corrosion on diaphgram plates, angles and rivets.
Rivets have an estimated 15-20 percent loss of section.

Overall, the paint cover is in fair condition. Many areas of
established corrosion have re-appeared. Excess lubricants, dropping from
the 1ifting ropes and sheave areas, has stained the tower members and
created an oil impregnated finish. This coating should be removed prior to
repainting.

The transverse tower strut at Point Cl consists of double lacing
bars between four angles. A hole exists in the vertical leg of the south
lower angle near the west end.

The transverse tower strut at Point CO consists of a horizontal web
plate attached between two transverse angles on the north side and the bot-
tom flange of the transverse sheave Girder G5 on the south side. Moisture
and debris is being retained on the upper surface of the strut, causing
metalwork lamination and section loss on rivet heads (see Photographs
I1-148 and 149). The upper surfaces of the strut need a thorough sandblast
cleaning, prior to repainting and drain holes should be installed in the
web at intervals.

The heads of several rivets fastening the counterweight guide angles
to the support brackets and vertical gusset plates along the front columns
have significant section loss from corrosion (see Photographs II-150 and
151). Figure 2-6 indicates the fasteners in need of replacement. Minor
section loss was noted in the guide angles adjacent to several of the
rivets. At Tocations along the guide angles, the ends of the connection
rivets are worn flat from contact with the counterweight guide shoes. The
remaining section of the fastener heads is satisfactory for the
connections.
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Balance blocks for the main counterweight are being stored on the
horizontal struts between the front columns of the towers. The concrete
blocks rest on timber strips which retain moisture. This arrangement is
causing corrosion of the structural members. The blocks should be tem-
porarily removed when the next painting of the span is undertaken.

Top of Tower

The structural members at the top of the tower consist of ten sheave
girders and associated bracing. The main sheave girders are supported by
two transverse sheave girders on the front and rear sides of the tower.
Four fascia girders and a machinery house enclose these members. A decora-
tive spire is situated atop the machinery house.

An accumulation of paint, debris, corrosion and pigeon waste exists
on the upper surfaces of the sheave girder bottom flanges and adjacent
horizontal connection plates. This has caused light section loss (see
Photographs I11-156 and 161).

On the outboard side of the sheave Girders Gl-E and Gl-W, an 18" x
3/8" horizontal plate is attached between the girder bottom flange angle
and a fascia plate that extends downward to tower strut CO-Cl. Corrosion
and packed rust exist along the edges of the plates adjacent to the flange
angles and the plates are warped near mid-length with section loss. The
nuts on replacement high-strength bolts fastening the 3/8 inch plate are
starting to corrode and laminate (see Photograph 1I1-162). Corrosion has
caused severe section loss in the outstanding legs of the vertical stif-
fening angles of the girders over the lower 4 inches. Many have near 100
percent loss of the legs (see Photograph 11-157). Excess accumulations of
pigeon debris exist on the ends of the horizontal plates in the tower legs,
which has also caused minor to moderate loss of section on the vertical
interior angles of the columns.

The portions of the sheave girders adjacent to the sheaves are rela-
tively inaccessible and have not been cleaned and painted recently (see
Photograph I1-159). This condition has not resulted in any significant
section loss. Heavy accumulations of grease and debris exist on the bottom
flanges in this area.

Small gratings have been placed between the sheave girder bottom
flanges adjacent to the counterweight ropes. The gratings are intended as
access for examining and lubricating the ropes. The connection fasteners
and the ends of the gratings show section loss. Several gratings are
severely deteriorated at their ends (see Photographs I1-166 and 167).

The interior sides of the counterweight hangers and adjacent support
metalwork and the pin collars have not been recently painted. Corrosion
has caused a maximum of 1/8 inch depth of pitting in the hangers and adja-
cent support plates at the pin collars. The heads of fasteners for the pin
collars are severely deteriorated (see Photograph 1-18). The pin collars
should be removed and the metalwork sandblast cleaned and painted.
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Photograph I1-18 - Typical corrosion and minor section loss on pin collars
and fasteners and interior surfaces of counterweight
hanger plates and support metalwork.

At the entrance to the sheave room from the balcony, gratings rest
on the exterior sheave girder top flange plates. Debris and corrosion
residue needs to be thoroughly cleaned from these areas to prevent signifi-
cant section loss on rivet heads.

The interior of the machinery room is orderly and appears to be well
maintained. In the sheave room, no structural defects were apparent in the
exposed steel framework of the walls and roof. Paint separated from the
walls of the sheave room and metalwork above the machinery room was noted.
Pigeons roost above the ceiling of the machinery room and the waste accumu-
lation is very heavy. In addition to remains of birds, old boxes, barrels
and miscellaneous items have been stored in this area.

Several deteriorated fasteners were noted on the southeast and
southwest corners of the sheave room enclosure. Locations of these are
given in the recommendations (see Photograph 11-172).

Corrosion and peeling paint exist at local areas on the exterior
surfaces of the machinery house and fascia girders. On the back side of
the fascia girders, packed rust and minor section loss exist along the
balcony railing post members. These areas need to be sandblast cleaned.

Several window panes in the enclosure are broken, but remain in the
frames. The glazing compound around the panes is generally dry and
cracked. The metal frame around the single window pane in the north sec-
tion of the double entrance door on the west side of the enclosure is
deteriorated and has holes in the lower portion (see Photograph II-176).
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The finish paint coat on the upper surface of the machinery house
roof has separated from the primer. The areas of the roof beneath the sup-
port enclosures for the decorative balls is corroded and void of paint
cover. Rivet heads on the roof splice plates have over 50 percent section
loss inside the enclosures (see Photograph I1I-183).

The decorative spire atop the machinery house enclosure consists of
a welded lattice of angles. Packed rust and moderate section loss exist on
these members adjacent to the connection plates (see Photographs I-19 and
I-20). Many of the welds are broken, usually at the horizontal angle
connections. A listing of broken weld locations is provided on Figure 2-7.

Photograph I-19 - Typical corrosion and minor section loss on north tower
spire metalwork.
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Photograph 1-20 - Separated horizontal brace of north spire.

The area inside the decorative ball atop the spire is covered with
pigeon waste.

The catenary brackets supporting the messenger cables on the east
and west sides of the tower are pivoted toward the channel and the outboard
ends rotated toward the channel (see Photograph 1-21). The bracket rota-
tion has apparently developed since the new messenger cables were installed
in 1976-77, as no deformation was reported in the 1971 Inspection Report.
Each bracket was plumbed at three locations and the amount of offset be-
tween the top and bottom flanges and the degree of rotation is tabulated on
Figure 2-8. No structural cracks were observed in the bracket metalwork.
The brackets should be analyzed to determine if remedial measures are
required.
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Photograph I-21 - Plan
view of northeast
catenary bracket.

Walkways, Platforms and Ladders

The following deficiencies were noted in the components of the
access walkways, platforms and ladders of the north sgan and tower (refer

to Figure 2-4 for location of walkway support members

a)

b)

c)

The railing post at the east end of walkway support channel 17
is severely deteriorated above the lower connection.

The Tower and mid-height horizontal railing pipes above support
channel 19 and between the span longitudinal railing and the
stairs are cracked at mid-length. A similar crack exists in the
lower pipe above support channel 17.

Two fasteners for the connection of the outboard railing post to
the stairway stringer at support channel 26 are deteriorated.

The rungs on the lower end of the short ladder used for access

to the counterweight at the top of the tower are severely
deteriorated (see Photograph 1-22).
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i)

Photograph 1-22 -
Section loss in rungs
of access ladder to
counterweight.

The two connection bolts at the lower end of the access ladder
in the south side of the sheave room, at bridge centerline, are
deteriorated.

On the southeast corner of the machinery house, two deteriorated
fasteners exist in the outboard connection of the vertical
ladder to the catenary bracket platform and two deteriorated
fasteners exist in the adjacent vertical support angles for the
platform.

The upper surface of the machinery house balcony tread plates is
generally rusted. Several railing posts are losing section at
the level of the tread plates.

Similar corrosion conditions exist at the span walkway support
connections to the stringers at track level, as described on the
1ift span.

The 2 x 4 inch guard timber between the walkway grating and
timber ties is deteriorated.
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Control House

The walls, floor and roof of the control house are in good

condition.

Corrosion exists on the underside of the floor plate.

Deterioration of the glazing around the window panes is allowing moisture
and air to penetrate the control room during severe storms.

The bottom of the south door in the entrance to the transformer room
west of the control house is corroded and has holes.

Recommendations

General

1.

Cleaning and painting should be accomplished on the truss and
the tower span members within the next five years. A thorough
sandblast cleaning is necessary at “pockets" of corrosion and
lamination, prior to repainting.

2. Replace the lacing bars listed on Table 2-2 in conjunction with
cleaning and painting of the structure.
Trusses
3. Replace the deteriorated electrical cable support angles on the
east truss members at Panel Points 2 and 4 and in the east end
of the top chord strut at Panel Point 1,
4. Replace ten rivets in the lower lateral connection plate at

Panel Point L4, east truss.

Top Lateral and Sway frame Bracing

5.

Replace twelve rivets in the east stay plate of the upper por-
tal strut at Panel Point 4, Replace the batten plate at Point
E on the upper strut.

Floor System and Lower Lateral Bracing

6.

Replace five rivets in the top flange of the floorbeam at Panel
Point 1 and the top flange of the floorbeam at Panel Point 3
below the walkway grating.

Replace the missing nut on a fastener in the stringer bracing
connection at Joint 7 between Panel Points 3 and 4,

Replace four bolts with deteriorated nuts for the rail locking
mechanism at Panel Point 0.
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Jacking Strut

9., Provide new shim plates for the jacking strut. Store the plates
in the north tower machinery room.

Tower Members

10. Sandblast clean and repaint the horizontal diaphragm plates and
angles inside the front columns. Replace rivets in the
diaphragm plate connections of the west column as follows:

a) First perforation above Joint D, replace 31 rivets.

b) Second perforation above Joint D, replace 14 rivets.

¢) First perforation below Joint J, replace 6 rivets.

d) Second and third perforations above Joint J, replace 6
rivets in each.

e) Provide a bird screen at the second perforation above Joint
N.

11. Remove electrical conduit support angles on the interior web
plates of the rear tower columns. Sandblast clean and paint
web plate metalwork and re-attach angles. Eliminate angles not
presently utilized.

12, Reinforce the lower south angle of the transverse strut at
Joint Cl.

13. Thoroughly c¢lean upper surface and rivet heads of the lower
transverse strut metalwork at Joint CO and provide drain holes
in web plate.

14, Replace 13 deteriorated rivets fastening the counterweight
guide angles to the tower metalwork.

Top of Tower

15, Thoroughly clean and paint sheave girder lower flanges, connec-
tion plates and webs adjacent to the sheaves and the upper
flanges at the east and west entrances to the sheave room.

16. Remove the pin collars between counterweight hanger plates.
Thoroughly sandblast clean the metalwork, repaint and reinstall
the pin collars with new bolts.

17. Replace the 18" x 3/8" horizontal plate attached to the out-
board lower flange of sheave girders Gl-E and Gl-W.

18. Replace the lower ends of the outboard stiffening angles for
sheave girders Gl-E and Gl-W.
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19.

20.

21.

22.

23.

24.

Replace the gratings and connection fasteners on the sheave
girder bottom flanges adjacent to the counterweight ropes.

Analyze the loads on the catenary brackets atop the towers to
determine if corrective measures are required.

Replace four fasteners at the southwest corner and six fasteners
at the southeast corner of the sheave girder enclosure.

Remove corrosion deposits and refasten the separated bracing
members in the spire lattice at locations indicated on Figure
2-7. Bracing members with excessive section loss should be
replaced,

Replace 18 rivets in the roof splice plate below each support
for the four decorative balls.

Replace broken machinery house window panes and the metal frame
around the single pane in the west entrance door to the sheave
room.

Walkways, Platforms and Ladders

25.

26.

27,

28.

29.

30.

Install a new section of railing post at the east end of sup-
port channel 17. Provide new lengths of horizontal pipe
railing sections; one above channel 17 and two above channel
19. Replace two fasteners in the connection of the outboard
railing post to the stairway stringer at support channel 26.

Replace the short ladder used for access to the main
counterweight,

Replace two fasteners at the Tower end of the access ladder on
the south side of the sheave room at bridge centerline.

Replace two fasteners in the outboard connection of the ver-
tical access ladder and two adjacent fasteners in the vertical
support angle for the catenary platform at the southeast corner
of the machinery house.

Replace the east and west vertical straps for the ladder cage
on the north side of the machinery house.

Replace the 2" x 4" guard timber between the walkway grating
and the ties.

Control House

3l.

Repair the lower end of the south entrance door to the trans-
former room.
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V-2-3 - SOUTH APPROACH SPAN AND TOWER

The findings of the south approach span and tower are similar to
those reported for the north approach span and tower. Corrosion and paint
deterioration, in general, is not as extensive on the south span members.

Bearings

The truss expansion bearings and the live load rocker bearing at
bridge centerline on Abutment A and the tower bearings and fixed stringer
bearings at Pier B are in good structural condition. A1l the devices
appear to be functioning as designed.

Areas of corrosion exist on the bearing metalwork and the bearing
contact surfaces. The west anchor bolts of the west truss bearing on
Abutment A, are bent to the north. This condition is not causing any
problems, and no correction is required (see Photograph II-31).

The position of the upper shoes and rollers on the base plates for
the expansion devices has not changed from the position marked during the
1971 structural inspection when adjusted for temperature variation (see
Figure 2-5).

Trusses

The trusses are in good condition, with only minor deficiencies.
Photographs I1-112, 114, 117, and 128 illustrate the conditions which are
similar to those described for the north span trusses. Table 2-2 lists
deteriorated lacing bars. Fasteners with significant section loss are
located in the recommendations.

Top Lateral and Sway Frame Bracing

The top lateral and sway frame bracing are in good structural
condition. Areas of light corrosion have developed on the members and
Tight to moderate deterioration has occurred on fasteners.

Five fasteners are missing in the upper lateral connection plate on
the top chord at Panel Point 4, west truss {see Photograph I-23)., Three
fasteners are missing in the connection of a support bracket angle for the
ornamental ironwork on the portal strut near bridge centerline at Panel
Point 4. The west decorative ball at Panel Point 4 is dented (see
Photographs 11-118 and 119).
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Photograph I1-23 - Missing fasteners at Panel Point 4, west top truss.

Floor System and Lower Lateral Bracing

Separated and flaking paint are typical conditions found on the
underside of the floor system metalwork. Corrosion "breakouts" exist
throughout the members, but are usually more extensive at connections.
Several fasteners are severely deteriorated and will require replacement.
Other deficiencies are similar to those noted on the north approach span.

Jacking Strut

The conditions noted for the jacking strut stored on the west side
of the south span at stringer level are similar to those described for the
north span strut.

Tower Members

Photographs 11-135, 140, 142 and 143 illustrate the general paint
conditions on the tower members.

Section loss at the upper end of the east bracing member P-Cl, has
caused approximately 75 percent loss of section in the lower flange of the
inboard channel (see Photograph I-24). The photograph also indicates sec-
tion loss on the edge of the adjacent stay plate.
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Photograph I-24 - Section loss on channel and stay plate of east bracing
member P-Cl.

A misaligned fastener hole exists in the upper end of front bracing
member AO(west)-H. The hole in the upper south angle of the member will
require reaming prior to installing a fastener.

The compartments inside the tower front columns were examined after
removing the bird screens. Moderate to advanced corrosion and section loss
exist on the horizontal diaphgram plates and the associated angles and
rivets. No structural repairs are required in the compartments.

Section loss exists on the interior web plates of the rear columns,
directly above the electrical conduit support angles, as described on the
north tower. The present loss of metal is estimated between 1/16 and 1/4
inch in depth. Removal of the support angles is necessary for cleaning and
painting the corroded areas.

Significant section loss exists in two sets of lacing bars, the
adjacent stay plate and connection rivets on the east end of the laced
transverse strut member at Point Cl (see Photographs 11-146 and 147).
Significant section loss was also noted in the bottom flange rivets of the
transverse sheave girder adjacent to the deteriorated stay plate.

Deteriorated rivets exist in the connections of the east vertical
counterweight guide angles to the tower members. These are shown on Figure
2-6. Several rivet heads are worn flat in the west guide angles due to
contact with the counterweight guide shoes; however, no replacements are
required.



Deteriorated lacing bars of the tower members with a minimum section
loss of 25 to 30 percent, are listed on Table 2-2. Deficient fasteners
requiring replacement are listed in the recommendations.

Top of Tower

The members at the top of the south tower are generally in the same
condition as described for the north tower. The similar findings are
briefly described beiow.

a)

Bird waste, grease, paint accumulations and debris on the sheave
girder flanges and horizontal connections. Similar accumula-
tions exist in the small gratings adjacent the counterweight
ropes.

Corrosion and pitting on the interior surfaces of the counter-
weight hanger metalwork.

Corrosion, section loss and warping of the 18" x 3/8" horizontal
plates attached to the outboard lower flanges of sheave girders
Gl-E and Gl-W.

Extensive section Toss in the lower ends of the outstanding legs
of the web stiffener angles on the outboard side of sheave gir-
ders Gl-E and Gl-W (see Photograph I-25).

Photograph I-25 - Section Tloss in horizontal plate, fastener nuts and lower

ends of stiffeners on outboard side of Girder Gl-E.
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f)

g)

h)

Corrosion with separated paint on the exterior surfaces of the
machinery house and fascia girders. Corrosion and moderate sec-
tion loss on the backside of the fascia girders adjacent to the
balcony railing posts (see Photograph 1-26).

Photograph I-26 -
Arrows indicate typi-
cal corrosion along
railing posts at
fascia girders.

Similar quantities of bird waste and miscellaneous debris accu-
mulation above the machinery room ceiling (see Photographs
I1-168 and 169).

Bird waste and deteriorated rivets in the machinery house roof
splice plates under the supports of the four decorative balls.

Ihelnortheast decorative ball remains dented, as reported in
971.

Moderate section loss in spire lattice angles adjacent to con-
nection plates and broken welds at many connections. Locations
of separated welds are listed in Figure 2-7.

The catenary brackets supporting the messenger cables are

pivoted northward and the outboard ends are rotated in the same
direction (see Figure 2-8).
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Other findings specific to the top of the south tower include:

a) Fourteen fasteners are deteriorated on the north face of the
sheave room enclosure (see Photograph II1-170).

b) The number of broken window panes and the amount of deteriorated
glazing for the machinery house windows is greater than at the
north tower. In addition, lower areas of the window frames have
nearly 100 percent section loss (see Photograph 1-27).

Photograph 1-27 - Section loss in window frames and broken panes are typi-
cal in south tower machinery house.

c) The metal frame around the single pane window in the south door
on the west side of the sheave room is deteriorated with holes.

d) A short section of the sheet metal cornice on the east side of
the machinery house has section loss and holes.

Walkways, Platforms and Ladders

The components of the walkways, platforms and ladders are in
generally good condition. The few deficiencies are:

a) A deteriorated fastener exists at the base of the southeast
railing post of the work platform on the east member M'-M. An
additional fastener is also deteriorated at the north end of the
exterior channel for the member (see Photograph 11-188).

-53-



b) The lower rungs of the short access ladder to the main counter-
weight from under the sheave girders are deteriorated with sec-
tion loss.

¢) The hoops and vertical straps for the safety cage on the ver-
tical ladder between the balcony area and the top of the machi-
nery house roof have areas of section loss. The two side
vertical straps have been removed (see Photographs II-190 and
191). The top rung of the ladder has severe section loss.

d) A loose connection exists at the base of the short access ladder
in the decorative ball atop the spire.

e) The upper surface of the machinery house balcony tread plates is
generally rusted and several railing posts are losing section at
the level of the tread plates. No repairs are presently
required for the railing post.

f) The 2 x 4 guard timbers between the walkway grating and ties at

track level is severely deteriorated with holes at areas. The
timber should be replaced to eliminate a possible safety hazard.

Recommendations

General

1. Cleaning and painting is recommended for the span and tower
members, machinery house and spire within the next five years.
A thorough sandblast cleaning should be specified at areas of
corrosion, lamination and packed rust on members and joints.

2. Replace the lacing bars in truss and tower members listed in
Table 2-2.

Trusses

No specific repairs are recommended.

Top Lateral and Sway Frame Bracing

3. Install five fasteners in the bracing west top chord connection
at Panel Point 4. Install three bolts in the bracket sup-
porting the ornamental ironwork on the portal strut at Panel
Point 4.

Floor System and Lower Lateral Bracing

4. Replace one fastener in the lateral bracing splice plate in
Panels 2-3 and 3-4.

5. In Panel 3-4, replace one rivet at the east connection of the
first Tower angle strut south of L3 between stringers.
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Top of

Jacking Strut

6.

Provide replacement shim plates for the north end of the
jacking strut. Store the plates in the north tower machinery
room.

Tower Members

7.

10.

11,

12.

13.

14,

15.

Remove the bird screens and thoroughly clean and paint the
horizontal diaphragms and connection metalwork in the tower
front columns. Replace screens after c¢leaning and painting.

Remove the electrical conduit support angles attached to the
interior web plates of the tower rear columns to thoroughly
clean and repaint. Do not re-attach angles not presently being
utilized.

Replace the four lacing bars and adjacent stay plate at the
east end of the strut at Point Cl. Replace eight rivets in the
adjacent transverse sheave girder bottom flange.

Ream the existing hole and install a bolt at the upper end of
the tower member ACQ{west)-H.

Trim the deteriorated Tower flange at the upper end of the
tower east bracing member P-Cl. Trim the deteriorated area of
the adjacent stay plate.

Replace two rivets in the lower connection of tower member
AO(east)-M. The connectors fasten the member to the south ver-
tical gusset plate at the joint.

Replace ten rivets in the lower flange of the outboard channel
and four rivets in both the upper and lower inboard channel
flanges of the east tower member CO-Cl lacing connections.

Replace eight rivets in the upper flange and two rivets in the
lTower flange of the inboard channel and three rivets in the
upper flange of the outhoard channel of the west tower member
C0-Cl lacing connections.

Replace 10 rivets fastening the east counterweight guide angles
to the tower metalwork.

Tower

16.

17.

Thoroughly clean and paint areas of debris accumulation and
corrosion of sheave girder webs, flanges, connection plates and
small access gratings.

Remove the pin collars and thoroughly clean and repaint the

interior surfaces of the counterweight hanger connection
metalwork. Clean pin collars and provide new connection bolts.
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18,

19,

20.

2l.

22,

23.

24,

Replace the 18" x 3/8" horizontal plates adjacent to the out-
board lower flanges of sheave girders GlL-E and Gl-W.

Replace the lower ends of the outboard stiffening angle for
sheave girders GLE and Gl-W.

Analyze the catenary bracket supports atop the towers to deter-
mine if corrective measures are required.

Remove corrosion deposits and refasten the broken connections
of the spire lattice angles at locations listed in Figure 2-7.
Replace severely deteriorated angles as necessary.

Replace 18 rivets in the machinery house roof splice plates
beneath each support for the decorative balls.

Replace broken window panes and deteriorated window frames of
the machinery room and single frame in the south door of the
west entrance to the sheave room.

Repair deteriorated cornice on east side of machinery house.

Walkways, Piatforms and Ladders

25,

26.

27,

28,

29.

30.

Replace two rivets in the west stringer top flange connection
of the walkway support channel 17. A vertical support for the
jacking strut is attached to this member on the west end.

Replace a deteriorated fastener at the southeast corner of the
access platform on east member M'-M and a fastener at the north
end of the outboard channel for the member M'-M.

Replace the short vertical access ladder atop the tower leading
to the main counterweight.

Replace the hoops and vertical straps on the ladder leading to
the spire at the south side of the machinery house. Replace
the top rung of the ladder.

Refasten the loose connection at the base of the short access
ladder in the decorative ball atop the spire.

Replace the 2 x 4 inch guard timber between the walkway grating
and timber ties.
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PLAN OF TYPICAL STRINGER BRACING
FOR LIFT SPAN AND SIDE SPANS

. FLOOR BEAM (TYPICAL)
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FT—EAST TRUSS

SOUTH

PLAN OF SOUTH SIDE SPAN
WALKWAY SUPPORTS

PLAN OF NORTH SIDE SPAN
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FIGURE 2-4
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"_" DENOTES CONTRACTION |
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MODJESKT & MASTERS pooene YERTICAL LIFT RAILWAY BRIDGE Made by MFB 6/20/84

ENGINEERS . .. COUNTERWEIGHT GUIDE RIVET Chocked my KMK 7/‘11/84
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COUNTERWEIGHT GUIDES

LEGEND: NE - NORTH TOWER, EAST GUIDE SE - SOUTH TOWER, EAST GUIDE
NW - NORTH TOWER, WEST GUIDE SW - SOUTH TOWER, WEST GUIDE

NOTES: - LOCATION OF GUIDE SECTIOM IS REFERENCED TO TOWER JOINTS SHOWN ON FIG. 2-2
- NORTH AND SOUTH ANGLES ARE DESIGNATED AS IF FACING EACH GUIDE AS SHOWN.

FIGURE 2-6




MODJESKT & MASTERS
ENGINEERS

o. .. VERTICAL LIFT RAILWAY BRIDGE vaic e MFB  6/29/84
SPIRE LATTICE BROKEN WELDS Checked ne KMK 7711784
Sheet Ne 1 of . é
S
16 f 1
15 \ / //2
14 o /3
13 ~— sy
- — W
v
11 N6

10 /
9 ¢ 8

PLAN VIEW AT BASE OF NORTH TOWER SPIRE

LOCATION OF BROKEN WELDS AT HORIZONTAL ANGLE CONNECTIONS
LEVEL NO. AT VERTICAL NO. | LEVEL NO. AT VERTICAL NO.
1 15 i 11 BETWEEN 1 - 2
2 15 11 BETWEEN 2 - 3
3 15 11 | BETWEEN 5 -6
N 4 1 (3 BROKEN) i 11 BETWEEN 10 - 11
4 7,15, 16 12 2,5,7, 16
I 10, 14, 15 | 2. BETWEEN 3 -4 |
- 7 1,5,9,13, 1 || 12 BETWEEN 16 - 1
10 5, 9, 13 13 1,5, 10
11 2, 8 13 BETWEEN 4 - 5
— (2 BROKEN)
NOTES: - PLAN VIEW SHOWS NUMBERING SYSTEM OF SPIRE VERTICAL

MEMBERS CLOCKWISE AROUND SPIRE.

- HORIZONTAL MEMBERS ARE REFERRED TO AS LEVELS NUMBERED
FROM THE BOTTOM.
FIGURE 2-7



MODJESKI & MASTFRS  poe VERTICAL LIFT RAILWAY BRIDGE Mace ne MFB 6/29/84
ENGINEERS <. SPIRE LATTICE BROKEN WELDS Checked e KMK 7/11/84
Sheet No 2 ot 2
S
16 1
15\\ \ Tl / 2
14 3
\ /
13 4
/
E g —p W
12" ~—
/ \
11 6
10 / \ 7
9 l 8
N
PLAN VIEW AT BASE OF SOUTH TOWER SPIRE
LOCATION OF BROKEN WELDS AT HORIZONTAL ANGLE CONNECTIONS
LEVEL NO. AT VERTICAL NO. LEVEL NO. AT VERTICAL NO.
' ANGLE MISSING
3 10 11 BETWEEN 5 - 6
4 11,7, 12,15, 16 | 12 | 1,2,5,6,9, 10
6 1 (ON LACING), 3, 4 12 BETREEN 13 2 16
' - ANGLE IS CUT
6 ~5,8,10, 15 12 BETWEEN 14 - 15
7 1, 4,5,6,7 13 2, 11, 12
8 1, 5, 6, 10__ 14 3, 15
| 9 1, 2, 6, 7, 15, 16 B
10 1, 3, 11, 12, 13, 16
11 2,3, 4,5,9, 11, 15
NOTES: - PLAN VIEW SHOWS NUMBERING SYSTEM OF SPIRE VERTICAL

MEMBERS CLOCKWISE AROUND SPIRE.

- HORIZONTAL MEMBERS ARE REFERRED AS LEVELS NUMBERED

FROM THE BOTTOM.

FIGURE 2-7



MODIJESKI & MASTERS p.,e. VERTICAL LIFT RAILWAY BRIDGE Vadene TFB 6-7-84
ENGINEERS ... CATENARY BRACKET ROTATION Checked ne GGC 6-i1-84

Sheet N 1 of 1

15" é MESSENGER
CABLE
(CHANNEL SIDE)

=TS, = —— il

=/
END VIEW L 14" 4 BACKSTAY
(CABLE SHOWN) CABLE

19" @ A
/\X 21-0 9/16" @ 8
B

6'-6" @ C
-

| }4—— g ELEVATION

SECTION AT A, B, AND C

BRACKET ROTATION LOCATION  [DIMENSION "x | RESREE GOF
A 1-3/4" 4.8 deg.
NORTHEAST SOUTH B 3/4" 1.7 deg.
" 172" 0.4 deg.
A 2-7/8" 7.8 deg.
NORTHWEST SOUTH B 1-1/8" 2.6 deg.
C 374" 0.5 deg.
A 1-7/8" 5.1 deg.
SOUTHEAST NORTH B 7/8" 2.0 deg.
c 3/4" 0.5 deg.
A 2-7/8" 7.8 deg.
SOUTHWEST NORTH B 1-1/4" 2.9 deg.
C 1/8" 0.1 deg.

NOTES: 1. ROTATION IS TOWARDS THE CHANNEL IN ALL CASES.

2, THE SOUTHEAST AND NORTHWEST BRACKETS ARE
OPPOSITE HAND. FIGURE 2-8



MODJESKI & MASTERS e VERTICAL LIFT RAILWAY BRIDGE Made - GGC 5/31/84
ENGINEERS <.-.. LACING BAR DEFICIENMCY e o KMK 7/10/84
TABLE 2 - 1 w1 7
= LACING COVER FLATE {:: LACING
=g g = = = /—— DOUBLE LACING
'/. PLATE el
L J _ L L J
LACING LACING

S A1

~ s
e

/ ~

N
\/
N

4 N

7

N/
s

e ™~

DIAGONAL TOP BOTTOM SWAY
AND CHORD CHORD BRACING
VERTICAL

LIFT SPAN TRUSS AND SWAY BRACING
MEMBER LACING BAR DETAILS

NOTES FOR ATTACHED TABULATION:

1.

LACING ON VERTICAL AND DIAGONAL MEMBERS ARE NUMBERED (DESIGNATION)
FROM THE TOP, ON HORTZONTAL MEMBERS FRCM THE EAST OR NORTH.

THE DOUBLE LACING ON THE TOP CHORD AND SWAY BRACING ARE HUMBERED
AS PAIRS; THE BARS IN EACH PAIR ARE REFERRED TO AS UPPER OR LOWER
AT THE POINT OF CROSSING.

N, S, E, W - NORTH, SOUTH, EAST, WEST
u, L, B - UPPER, LOWER, BOTH



MODJESKI & MASTERS pres VERTICAL LIFT RAILWAY BRIDGE Made by G6C 5/31/84
ENGINEERS wn.. LACING BAR DEFICIENCY i Checkea vy KMK 7710784

TABLE 2 - 1 Sheet No. 2 of 7

LIFT SPAN TRUSSES
MEMBER LOCATION QUANTITY LACING BAR LOCATION
DESTGNATION N ] S | U | L
EAST TRUSS ] -
TOP CHORD  UL'-UO" e X
VERTICAL  L1'-U1' | 2 | 12, 13
VERTICAL  U2'-L2' 8 0. 8 9; 10 11,
" oo 8 19, 10, 11, 12, 16, X
B 18, 20, 25
DIAGONAL  U2'-L3' 3 4, 26, 34 X
TOP CHORD  u2'-U3' | 2 | 4,5 X
VERTICAL  U4'-L4' 12 2,3,4,5,6,8,] X
. 12> 1950165618 I
: T 2 4,18 || x
DIAGONAL  L5'-Ud' 1 60 | X
| TOP CHORD ~ U4'-US’ | 5 1, 2, 3, 4, 5, X
VERTICAL  US'-L5' 5 | a5,7,89, | x |
| VERTICAL ~ U5'-L5' 4 1, 2,3, 34 X
DIAGONAL  L5'-li6' 3 1,2,4 X
| TOP CHORD  U5'-L6" 5 | 1,2,3,4,5 | | | x|
VERTICAL  Ué‘'-Le' | 16 |6, 8, 9, 10, 11, At
- 12, 16, 19, 20,21
o 06, 27,28,30,31,32 |
K o 6 5,7,10,11,12,13 | | X
DIAGONAL  U6'-L7' 3 28, 35, 37 _ X
VERTICAL _ L7'-U7' 2 2,3 X
" oo 3 1, 2, 48 X
VERTICAL  L8'-U8' 10 8, 9, 10, 12, 14,]| X
15, 16,17, 18, 20
" o 8  |4,6,7,09, 11, X
13, 14, 19
prAGonAL _ us-t9 | 6 [1,2,3,4,56 [ X
VERTICAL  L8-US 10 7,8, 10, 12,13 | x
- | L leae,7, 18, 20 [
" o 8 6, 8, 10, 11, 13 X
14, 15, 18
DIAGONAL  L7-U8 2 28, 46 | X




MODJESKI & MASTERS Pey gt VERTICAL LIFT RAILWAY BRIDGE ) Made by G@_C_ _5131/8,4

ENGINEERS wore - LACING BAR DEFICIENCY Checked by KMKL7/10/84
TABLE 2 -1 e Ne 3 w7
LIFT SPAN TRUSSES (CONT.)
LACING BAR LOCATION
MEMBER LOCATION QUANTITY ESTaR T T 3 7T
VERTICAL L7-U7 1 2 | X
VERTICAL L6-U6 10 7, 8,9, 10, 11| X
114,15, 16, 17,18 f |
VERTICAL L6-U6 7 6,7,8,9,10,11,12 X
TOP CHORD U5-U6 5 1,2,3,4,5]| X )
TOP CHORD U4-U5 5 1,2,3,4,5 X .
VERTICAL L4-U4 4 1, 2, 6, 8 X ]
| DIAGONAL U2-L3 3 3, 4, 6 X
| VERTICAL L2-U2 5 _ 16,8,10,11,12] X B
| VERTICAL L2-U2 = | 6 o 17,.8..9, 10, 11,12 X
DIAGONAL L1-U0 ( 1 20 1] R T
WEST TRUSS o | -
TOP_CHORD UQ'-U1' 1 4 X
TOP_CHORD U1'-y2' 2 | a.s ! ]
VERTICAL L2'-U2" 6 6,8, 9,10, 11,14 x__|
VERTICAL 12'-U2' 4 | 7,8,10,.11 S B S0 D SR
DIAGONAL_U2'-1.3" 13 1.2, 6,.7,8,12,15 | X
- N 17, 19, 21,25, 27,34 .
VERTICAL L3'-y3* | 11 2,86, 8, 10,20, 21| X N
. _.126,28,33,41, 82| . -
VERTICAL L3'-U3' 4 |1, 3,47, a8 X
VERTICAL U4'-L4' 4 1,2,8,9 | x
VERTICAL U4'-L4' , 1 5 ) ; X_ | -
DIAGONAL U4'-L5' 6 |11,12,25,41,43,5D | X
TOP_CHORD U4'-Us' 3 _,2,3 X
_DIAGONAL L5U6' 2 69, 70 X
TOP_CHORD U5'-U6' 3 . 3,4,5 X .
VERTICAL L6'-U6' R 6 S LX
|_VERTICAL 18'-U8' 8 7.8,.12, 13, 14 | X
e T S b 15,19, 20 .} e
VERTICAL L8'-U8' 3 6, 9, 11 X
DIAGONAL L7-U8 3 24, 30, 50 | X
VERTICAL L8-U8 10 9,10, 11,12, 13,194 X
16, 18, 19, 20




MODJESKI & MASTERS  pree:  VERTICAL LIFT RAILWAY BRIDGE vageny 6GC  5-31-84
ENGINEERS et LACING BAR DEFICIENCY Checked s KMK 7-10-84
TABLE 2-1 aeava 4w 7
LIFT SPAN TRUSSES (CONT.)
MEMBER LOCATION QUANTITY LACING BAR LOCATION
DESIGNATION | N | s | u | 1
VERTICAL L8-U8 R 6, 8, 9, 10, 13 1 x
)14, 16 )
DIAGONAL L7-U6 3 42, 54, 60 X
" "o 3 | 7,8, 50 X
VERTICAL L6-U6 7 16,8,12,13,14,16,1] X )
" K 4 6, 7,8, 12 X
| DIAGONAL L5-u6 | 2 1, 2. X
TOP CHORD U5-US | 2 1,5 Al x ||
DIAGONAL U4-L5 10 2,6, 9, 11, 13L1g4 X
34, 45, 46, 64
TOP CHORD U4-US5 3,4, 5 .
VERTICAL L4-U4 4, 5. 6. 7 X
" 0w 6 X
| DIAGONAL U2-13 22 2,3.4.5, 6,7, - X
19,13, 14, 17, 18 N _
19, 20, 22, 29,30] _
36, 37. 38, 40.41] | N
o __ 4z - .
VERTICAL L2-U2 8, 9, 12 X )
" o 7..10.12 . X .




MODJESKI & MASTERS p . VERTICAL LIFT RAILWAY BRIDGE_  Madeby GGC 5/31/84

ENGINEERS o .. LACING BAR DEFICIENCY | Checkeane KMK__7/10/88
TABLE 2 -1 Sheet No . 5..____ ot __7
LIFT SPAN SWAY BRACING
MEMBER QUANTITY LOCATION
P. P. 2
KH 5 | 1w, 48, 5B
| GH 1w
oM G 2L, 50, 78, 88
KG 9 1L, 2L, 4L, 5B, 6U, 7U. 8B
KF 9 W, 2L, 3U, 4L, 5B, 6L, 7B .
FG 4 3L, 7U, 88 _
FB | 10 1B, 2B, 3B, 4U, 5L, 6L, 7L _ .
GB 9 1B, 28, 3. 4U, 5U. 6L, 7U
e |10 10, 28, 3. 4, 5., 6B, 7L, 8L
| _HC 10 18, 2U, 3B, 4B, 58, 6U
AR ] 3
. BC R SO E |
S T B 3L L
P. P. 4 HL w e
M 5 1, 2L, 6Y, 8L, 10L
MG 2 o0
k6 | 10 1L, 2L, 3U, 48, 78, 8U, 9B
e 4 aL, 6L, 9U, 10U
i FB 6 1L, 3L, 4L, 6L, 8B
GB 5 4y, 6U, 7U, 98
6C 4 3L, 6L, 8U, 10U
HC 2 9L, 10U
P.P. 6
A I E
HC 2 1L, 2L
GC 2 oL, 12L
KF 3 5y, 7u, 11U
KG 2 6L, 12U
MG 2 oL, 10L
MH 8 4, 5B, 7L, 8B, 108




MODIESK] & MASTERS .. VERTICAL LIFT RAILWAY BRIDGE v~ GEC 5-31-84
ENGINEERS LACING BAR DEFICIENCY et KMK 7/10/84
TABLE 2-1 v, 6 7
LIFT SPAN SWAY BRACING - Continued
MEMBER QUANTITY DESIGNATION AND LOCATION
P. P. 8
KG 2 9L, 12L
FB 2 10, 11L
GC 2 7L, 13L
HC . 6 ~ 1B, 3L, 4U, 6L, 10L
. p.P. 8
. HC 1 5L
GB 1 8u
MG 5 eu, 7U, 8L, 11U, 12U
KG 4 5B, 8U, 12L
i KE. 2 1L, 3L
P. P. 6
MH 3 6uU, 10L, 11U
KG 2 6L, 12U
KF -1 au
FB 5 4B, 6L, 9L, 11U
GB 6 v, 3u, 4u, 5U, 64, 9U
i BC 1 1L
GC 5 5L, 3U, 9U, 128
HC 6 aJ,.5L,. 7L, 8L, 9L, 10U
P. P. 4
MH 5 /B, 8U, 9L, 10U
MG 3 7L, 8L, 9L
KF 3 8U, 9U, 10U |
B | 5 1L, 2L, 4u, 5L, 10L
GB 1 1U
BC . _2 _ 1B
GC 1 8L
) HC 3 4y, eu, 7L




MODIESK! & MASTERS po... VERTICAL LIFT RAILWAY BRIDGE Made v GGC 5/31/84

ENGINEERS 2. LACING BAR DEFICIENCY , Checked ny  KMK 7/“1"0/84
TABLE 2-1 _ sweet No. L ar 7
LIFT SPAN SWAY BRACING - continued
MEMBER QUANTITY DESIGNATION AND LOCATION

P, P. -2 4
AB 2 _ 1L, 3U

_FB 6 {1, ?2,58,6L, 7L -
GB 8 -, 2L, 30, 4L, 6L, 7U, 8Y
HC 4 4B, 5U, 6L
MH 3 oAU, U, 600 B}
MG 6 1, 5B, 6L, 7B
KG 5 ., 6L, 78, 8L
KE . . . 8 . AU, 3U, 4L, 58, 6B, /U




MODJESK] & MASTERS . VERTICAL LIFT RAILWAY BRIDGE Made e KMK
ENGINEERS . LACING BAR DEFICIENCY Checked ne GGC
: TABLE 2-2 sheetNo L
LACING  —— CHANNEL T
- —t— J 1‘
WEB B |
PLATE r 4 e
L I '—f 1
DOUBLE
T e —1 LACING WEB LACING
PLATE
N A 4
ik ~ |
L //)////
4 ;. P X
-~ 4 I
4».’\ > 9 ><
4 B 4 I >
STRUT, DIAGONAL HANGER *
BOTTOM CHORD, AND
AND DIAGONAL
VERTICAL (TOWER BRACING)
TOWER COLUMN
APPROACH SPAN TRUSS AND TOWER LACING BAR DETAILS
NOTES FOR ATTACHED TABULATION:
1. LACING ON VERTICAL AND DIAGONAL MEMBERS ARE NUMBERED (DESIGNATION)
FROM THE TOP, ON HORIZONTAL MEMBERS FROM THE EAST OR NORTH.
2. AN ASTERISK (*) INDICATES THE DOUBLE LACING ARE NUMBERED AS PAIRS
WITH THE BARS REFERRED TO AS UPPER OR LOWER AT THE POINT OF
CROSSING.
3. N - NORTH E - EAST U - UPPER
S - SOUTH W - WEST L - LOWER

I - TOWER COLUMN INTERIOR LACING (SEE ABOVE)

7/10/84
7/16/84



MODJESKI & MASTERS ~ Proecr VERTICAL LIFT RAILWAY BRIDGE . . Madeby KMK 7/10/84
ENGINEERS sune LACING BAR DEFICIENCY Checseary GEC  7/16/84
TABLE 2-2 _ SeNo. 2o B
NORTH APPROACH SPAN AND TOWER
LACING BAR LOCATION
MEMBER LOCATION QUANTITY S STeRATTON T TR TS T
TOWER:
(EAST SIDE) B
STRUT  A1-AQ 4 20, 21, 24, 29 X
DIAGONAL  BO-N 3 1, 4, 5 X
STRUT  BO-B1 } s | ] x
 (WEST SIDE) o |
| DlAcoNAL  BO-N 2 | 1,18 I
DIAGONAL P8O | 4 8, 10, 11, 19
DIAGONAL  P-B1l 3 1, 3, 15
DIAGONAL  C1-P 14 2,3,4,5, 7, | X ]
10, 11, 12, 14,15
- o o _....1=20,21, 23, 24
DIAGONAL  CI-P 9 1,2,3,5, 12, | | X { |
o 15,16, 17,18 | | | 1
 TOWER COLUMN  Cl1-B1 _ o010, 3% | | I . S
'TOWER COLUMN _ C1-Bl 30, 34, 37, 38, | CLx
39, 40, 46, 50
_ (SOUTH SIDE) N R R [ 4
_DIAGONAL ~ M-A0 (W)* 1 1 X
_DIAGONAL _M-AO (E)* | 3 )} 2,3,8 X
HANGER _ K-M* 2 1 REPLACE BOTH
HANGER __ K=M* _ 1 2 REPLACE EAST BAR




MODJESKI & MASTERS peer VERTICAL LIFT RAILWAY BRIDGE. . . ._. Made by KMK_ 1/10/84

ENGINEERS +.nen LACING BAR DEFICIENCY Checkeaby GGC  7/16/84
TABLE 2-2 N Sweano 3 o5
NORTH APPROACH SPAN AND TOWER
MEMBER LOCATION | QUANTITY LACING BAR LOCATION
DESIGNATION N ofs Ly |
SPAN:
(EAST TRUSS) B
CHORD  L2-L1 5 14, 20, 22, 30, 31 ) X
CHORD  L3-12 3 1, 35, 36 X
DIAGONAL  U2-G 2 11, 17 X
[ omsova v3e | 1 Y '
DIAGONAL  6-L13 3 11, 12, 16 X
VERTICAL  U3-L3 4 4, 13, 24, 33 X i
VERTICAL  U3-13 1 22 ] x N
CHORD  L4-L3 2 1, 2 X
| (WEST TRUss) [ |
CHORD _L2-L1 | 1. 37 X
VERTICAL _ U2-12 1 9 X
DIAGONAL  U2-G 8 2, 4,5, 7, 11, X
o ) 12, 15, 19
DIAGONAL _ U2-G. 6 1, 3, 7, 11, 13, 17 B X
DIAGONAL  G-L3 2 6, 10 ) X
VERTICAL _ U3-L3 5 5,8, 22, 42, 44 | X )
VERTICAL _U3-L3 2 26, 27 | X
| DIAGONAL _U3-F. 1 . x|
DIAGONAL  F-L3 1 7 X
DIAGONAL  F-L3 2 oooen 23 . . X
DIAGONAL _ U4-F 1 D R e T
DIAGONAL _ U4-F 3 SR YU - SN U S I B
VERTICAL  U4-14 56 |8, 12, 16, 41, 43,48 X
| VERTICAL  U4-L4 5 10, 18,27,29,31 | | x |
DIAGONAL  U3-G 2 10, 11 | X
* (NORTH PORTAL)
MEMBER  B-C 2 8 x | x
| MEMBER  C-D 3 1, 2, 3
STRUT U4 4 7, 8 x| x
{UNDERSTIDE - 1 A
*ALL DOUBLE LACING




MODJESKI & MASTERS  pryeer VERTICAL LIFT RAILWAY BRIDGE = Made by KMK7/11/84
ENGINEERS <o LACING BAR DEFICIENCY Checked ne GGC 7/17/84
TABLE 2-2 oo & wB
SOUTH APPROACH SPAN AND TOWER
LACING BAR LOCATION
MEMBER LOCATION QUANTITY DESIGNATION { 4] L N S I
TOWER: . R
_ (EAST SIDE) .
TOWER COLUMN ~ AI-U1 2 9, 13 7X o
| TOWER COLUMN  81-Al 3 1, 42, 50 - X o
__TOWER COLUMN  B1-Al | 22 1, 2, 4, 5,6 ) ) X
o o 1.8..9,10, 11, 73] I
| 16,17 18,19, 21, | ]
o 29, 32, 33, 3, | t
- 13,37,4 | |
DIAGONAlL  B1-N 2 3, 4 X |
TOWER COLUMN  C1-B1 1 1 X B
TOWER COLUMN  C1-Bl 3 1,6,8 | | X
TOWER COLUMN C1-B1 | 11 1, 2, 10, 14, 18, L X
L 20, 32, 36, 40, i
. S B 42,88 i
| DIAGONAL  c1-p [ 10 3, 4,5, 6, 13, | X
—_—— |.18, 20, 23, 25, |
R 426 S S
| DIAGONAL  C1-P 5 y 1,2,3,5,6 X
(WEST SIDE) | |
| TOWER COLUMN _ C1-B1 | 1 X
TOWER COLUMN  C1-B1 1,2 X |
DIAGONAL  C1-P 12,17, 21 X
(NORTH SIDE)
DIAGONAL BO-M (W)* | 1 10 X
| ~DOUBLE LACING | _




MODIJESKI & MASTERS Preject VERTICAL LIFT RAILNAY BRIDGE___ Made by KMK o 7/11/84

ENGINEERS sutecet LACING BAR DEFICIENCY _ ) Checked by gggﬁ___j/15/84
TABLE 2-2 SN 5 a5
SOUTH APPROACH SPAN AND TOWER
LACING BAR LOCATION
MEMBER LQCATION QUANTITY DESIGNATION " s U L
SPAN: -
(EAST TRUSS) R R e e
CHORD  LO-L1 1| 32 X
| CHORD  LO-L1 1 | 25
| CHORD LI-L2 7| 45,6, 20,
31, 33, 36
| CHORD  L2-L3 5 8, 12, 21, 28, 3| X
CHORD L3-t4 | 2 | 34, 35 X
CHORD L3-L4 | 7 | 2, 8, 21, 25, X
27, 31, 32
_(WEST TRUSS) | e R
VERTICAL U2-L2 1 25 X
VERTICAL U3-L3 | 1 ¢ 30 X
_ CHORD 13-L4 | 1 18 X
CHORD L3-L4 1 2 X
DIAGONAL F-U4 1 7 X




PART V-3

ELECTRICAL EQUIPMENT




PART V-3 - ELECTRICAL EQUIPMENT

The bridge electrical system was inspected for proper operation,
excessive deterioration, hazardous conditions, and compliance with the
National Electrical Code. Most of the existing electrical equipment, such
as the control circuit switchboards, control console, limit switches, etc.,
should be considered non-renewable. That is, while they may presently be
in good operating condition, replacement parts are in general no longer
obtainable. Rather than simply replacing individual components as a remedy
to obsolescence, it is recommended that equipment be grouped according to
systems or subsystems, and replaced en masse.

In general, the electrical system for normal bridge operation is in
good condition. Recommendations for the electrical system will be found at
the end of this Part. Tabulated measurements, the operating tests, and
other quantitative data will be found in Appendix A.

The results of the diesel engine and the high voltage
transformers/switch gear inspections are incorporated into this Part, with
actual copies of Cooper Energy Services' and Westinghouse Electric's
reports being located in Appendix A.

Incoming Power - Normal and Emergency

Commercial Service. The commercial power source is a 4,160 volt,
3-phase, 3-wire overhead service. The aerial service conductors are
suspended from the service pole to the support brackets above the control
house roof, and terminate on high voltage fuses above the roof. High
voltage lead-in cables then extend down and into the new air break high
voltage disconnects in the transformer room. These two sets of air break
disconnects then feed the 150 KVA 480 volt and the 15 KVA 280Y/120 volt
transformer banks. The 480 volt transformers provide power mainly for the
bridge machinery, and the 208Y/120 volt transformers provide local lighting
and heater power.

With the commercial power off, the aerial service cables were
inspected and found to be in very good condition. The cables were meggered
and yielded very good insulation resistance values, in excess of 1,000
megohms. However, the high voltage fuse assemblies on the control house
roof are aged and deteriorating. When the fuses were opened by one of the
bridge operators, one of the porcelain fuse assemblies crumbled (see
Photograph 1-28). The Tline side cable lug was attached to the load side
lug by the bridge operator as a temporary repair. This bypassing of one
high voltage fuse is not considered a code violation or safety hazard,
since the aerial service cables are also protected by the fuses on the ser-
vice pole. These roof-mounted fuses are actually redundant, and serve as
more of a maintenance convenience than a necessity.
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Photograph I-28 - High voltage fuse assemblies on control house roof. Note
broken unit, far right.

The down leads and the air break high voltage disconnect switches
were inspected and found in good condition. Some minor adjustments to the
disconnects are recommended, and are included in the final list of
recommendations. The 15 KVA transformer bank was inspected for general
condition of wiring, oil analysis, and electrical measurements of the
transformers themselves. The high voltage primary wiring was found to be
deteriorating. 0il samples were taken and forwarded to the Westinghouse
Laboratory for analysis. The o0il was also tested on-site for polychlori-
nated biphenyl (PCB) content, and yielded readings less than 50 parts per
million. This o0il is therefore classified non-PCB. More complete data
from the oil analysis is tabulated in the Westinghouse report in the
Appendices. It should be noted that, while this transformer oil was found
to be in overall good condition, the actual oil level in the transformer
tanks is not known, since the transformers are not provided with sight
glasses. This is considered in the recommendations. The 15 KVA transfor-
mers were in otherwise good condition.

The 150 KVA transformer bank was also inspected for general con-
dition of wiring, oil analysis, and electrical measurements on the
transformers. These transformers were also found in overall good
condition. However, the oil level was low and the analysis found it in
need of reconditioning or replacement. This oil is also classified
non-PCB.
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The bridge was operated numerous times from the commercial service.
In all cases, the commercial service performed satisfactorily. The results
of these operating tests are tabulated in the Appendix.

Emergency Engine-Generator. The main generator, the main exciter, and
the auxiliary generator were inspected visually and with electrical
measurements (meggering) of the winding insulation resistance. In
addition, the diesel engine was inspected for wear and proper operation,
including its various appurtenant accessories.

The main generator access covers were removed, the slip rings and
brushes were inspected, the windings were meggered, and both front and rear
bearing oil cups were checked. The generator is in good condition. The
field and stator windings meggered at 44 and 60 megohms, respectively. The
slip rings and brushes appeared in good condition. However, no oil was
observed in the bearing o0il cups, although the cup interiors appeared wet.
When questioned, the bridge operators reported no knowledge of their
existence, since they are concealed when the generator access covers are in
place.

The main exciter commutator and brushes were inspected. The wiring
was temporarily disconnected while the windings were being meggered. The
machine appeared in good condition. The rotor and stator meggered at
1,000+ and 50 megohms, respectively.

The auxiliary generator was inspected. The slip rings and brushes
appeared satisfactory. With the rotor and stator disconnected, they
meggered at 30 and 700 megohms, respectively. This generator appears to
only be used to operate the various intake and exhaust Touver motors in the
generator house. When the engine-generator set was operating, the louvers
failed to open. The auxiliary generator appeared to be operating and pre-
Timinary checks indicated that output voltage was present. However,
further trouble shooting was beyond the scope of this inspection.

The auxiliary exciter was inspected, including its commutator,
brushes, and windings. The exciter appeared in good condition, and when
disconnected, the rotor and stator windings meggered at 170 and 1,000+
megohms, respectively.

The generator control and switchgear cabinet was inspected.
Although in fairly good condition, internally there is evidence of
excessive moisture, probably from condensation during the summer months.
Some insulation mold and miidew, as well as terminal and contact corrosion
was noticed.

The generator was operated under load by raising and lowering the
1ift span. Although the voltage regulator appeared a bit sluggish in com-
parison to modern electronic regulators, the existing electrical-mechanical
voitage regulator appeared to perform as well as could be expected, con-
sidering the type and era of manufacture. Operation was observed to be
satisfactory for this application. However, after several operations of
the bridge, the alarm horn sounded, presumably for high water temperature.
Further operation of the bridge with the engine-generator was therefore
discontinued.
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The diesel engine was later inspected by the manufacturer's main-
tenance mechanics. The engine side cover plates were removed. The lower
cylinder liners were checked, and one rod bearing and one main bearing were
dissembled and checked. These parts were found to be in good condition,
with very little wear.

Crank shaft alignment readings were taken for four angular positions
at each of the six cylinders, using a crank shaft deflection gauge. A high
positive deflection reading at the No. 1 cylinder was determined to be
caused by excessively tight fan belts. The belts were adjusted and the
problem alleviated. The deflection measurements were repeated and found
satisfactory.

The engine was rotated by hand to check the timing chain and oil
pump drive gear. Both were in good condition. The timing chain tension
was adjusted. The intake and exhaust valve tappets were set at .015 and
.018 inches, respectively; and some of the air start valves were adjusted.

The engine-generator was used to power the bridge during raising and
lowering of the 1ift span, so the engine could be observed under load. The
engine easily handled the load. The overspeed shutdown was checked and
found inoperative. This is an important safety device on a diesel engine.
The alarms for low 0il pressure, high water temperature, and high oil tem-
perature were checked and adjusted. As noted previously, the automatic
intake and exhaust louvers did not operate.

In addition, the emergency start and stop valves were painted over,
with the excess paint rendering them inoperative. The handle for the 1lube
0il strainer was missing and reportedly never operated by the bridge
operators., This is intended to be used each time the engine is run.

The cooling system was checked and appeared to be operating
satisfactory, with the exception of the water jacket thermostat. Maximum
temperature of water out of the engine was only 140 Degrees F.

Generally, the engine was in good condition and still young in terms
of wear. Corrective recommendations appear at the end of this Part.

Main Switchboard

The main switchboard is located in the control house, and consists
of a free-standing board of a phenolic-type material on which is surface-
mounted most of the power and control contactors and relays, knife
switches, fuses, etc., in an open live-front configuration. This open live-
front arrangement exposes personnel to a 480 volt shock hazard, as they
must walk uncomfortably close to it for access to the rest of the control
house and elevator. Although this system presently provides satisfactory
operation, most components are obsolete, and replacement parts are
generally unavailable.

A1l arch chutes and covers were removed from all contactors and
relays for inspection of the contacts and arcing horns. Most contacts were
in fair to good condition. A few of the span traction and selsyn contac-
tors exhibited heavy pitting on the contacts {see Photograph 1-29). The
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auxiliary contact linkages on some contactors is excessively worn, and have
reportedly interfered with bridge operation on occasion. Replacement parts
for these contactors will probably have to be custom manufactured, since
this type of equipment has been obsolete for quite some time. A1l contac-
tor and relay coils were meggered and appeared in satisfactory condition.

Photograph I-29 - Selsyn excitation contactor with arc chutes removed to
show pitting and scorching of the contacts and arcing
horns.

A1l fuses on the main switchboard were checked for continuity and
voltage drop. With a few exceptions, most were found to be in satisfactory
condition. Several fuses had been removed and not replaced, six fuses were
bad (open), one fuse was replaced with a larger ampere rating, and several
fuses were either unlabeled as to purpose or unmarked as to rating. See
the tabulation in Appendix A for more specific information. In general,
however, these fuse deficiencies were confined to equipment and circuits no
longer used.

The secondary resistors for the wound rotor traction motors were
mounted over the main switchboard. These resistors were inspected for
signs of warping, loose terminal connections, and loose or missing mounting
bolts. One mounting bolt was missing. Otherwise, the resistors exhibited
no more than normal paint discoloration, and were found to be in very good
condition.
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The relatively new circuit breakers and switchgear at the end of the
main switchboard were inspected and appeared to be in good condition.

The interconnecting wires, bus bars, terminals, and various other
miscellaneous apparatus on the back of the switchboard were inspected and
found to be in good condition. Terminals and support hardware were checked
for tightness.

Lower megger readings of substantially less than 100K were found on
several of the power and control circuits. These were generally the span
locks motors and some of the 1imit switches. The fact that this equipment
is operating satisfactory diminishes the urgency with which such Tow
readings might otherwise he viewed. However, this situation does warrant
attention, as summarized in the recommendations.

The control system was inspected and observed during numerous opera-
tions of the bridge. The system was found to provide very smooth
operation, with no measurable skew. Timing of accelerating steps was found
satisfactory. Interlocking was found somewhat deficient. The brakes hand
release switches were generally not operable due to excess paint, and there
were no brakes released interlocking or indication whatsoever. However, in
spite of the interlocking deficiencies, this is a well-maintained controi
system. This type of control system (stepped resistance), coupled with the
power selsyn skew control scheme, has a proven history of reliability as a
bridge drive system. It should be noted that the equipment is obsolete,
but not necessarily the drive system philosophy.

Control Desk

The control devices on the desk were checked for proper operation.
A1l indicating instruments on the desk appeared to be functioning properly
during bridge operation. The duplicate set of controls on the left side of
the desk are dedicated to the emergency drive system, which does not appear
to be operational. Interlocking to the Railroad signal system worked
correctiy.

A1l meters on the elevated panel above the desk were checked during
bridge operation., The power selsyn transfer wattmeter never moved off
zero, and appears to be non-operational. The voltmeters were checked
against our Simpson Mode] 265 VOM, and found to be accurate. The ammeters
were checked against our Amprobe Model RS-3 ammeter and found to be
somewhat inaccurate. The north and south motor ammeters read approximately
15 and 24 percent high, respectively, when the motors were drawing about
100 amperes.

Limit Switches

The normal main span 1imit switches, the skew limit switch, and the
height and skew transmitters in the towers were checked for cam and contact
settings, contact wear, and drive gear wear. Except for some minor pitting
on a few of the contacts, this equipment was in overall good operating
condition.
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The seating limit switches were inspected and found to be in good
condition, except for water collecting in the bottoms of the housings.

The rail laock limit switches were checked. Water and oil was found
in the bottoms of these switches also.

The hand release limit switches on the thrustor brakes were found to
be sluggish, and sometimes not operable. Too much paint on switch Tever
shafts appeared to be part of the probliem as previously stated. [t was
also noted that there were no limit switches to interlock the control cir-
cuit for brakes released, or brakes set.

Cable Transfer Switch

The cable transfer switch in the south tower was inspected and
appeared to be in good condition. Terminals were tight. Operation of the
switch, however, was not observed. This switch is not used, since the
emergency drive system is not operational. The operators reported they did
not know how to operate this switch, and could not demonstrate its use
during the inspection.

Span Drive Motors

The main span motors appeared to be in overall good condition, in
spite of their age. S1ip rings were mostly bright and brushes were seating
properly. Some minor grooving was observed on the outboard slip ring of
the west motor in the south tower. Also, both motors in the south tower
and the east motor in the north tower were each found with one sheared ter-
minal screw on their brush holders (see Photograph I1-30). There are
multiple brushes on each brush holder assembly for redundancy, so the
motors continue to be operational.

The auxiliary drive motors apparently have not been operated for an
extended pericd of time. Their slip rings are severely tarnished and
coated with dirt and dust. These motors should not be operated until

thoroughly cleaned, including the bearings, in a qualified shop.
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Photograph I1-30 - Loose
wire terminal on drive
motor brush holder
assembly, resulting from
sheared terminal screw.

Navigation Lights and Aerial Beacons

A1l marine navigation lights on the piers and on the 1ift span were
inspected. The pier lights were in good condition, except for a little
silver paint over-spray on some of the lenses. Several of the flashing
navigation lights on the lift span were missing their sun shields, and the
small mirrors intended to enable the operators to see them flashing, but
were otherwise in satisfactory condition.

The aviation aerial obstruction beacons were inspected and found in
good condition. The photocontrol is apparently non-operational, as the
beacons operate continuously. Also, 200 watt incandescent lamps are being
used, instead of the FAA recommended 620 or 700 watt incandescent lamps.

Wiring and Cables

Catenary Cables. The east and west aerial cable catenary systems were
inspected visually for physical jacket and hardware condition, and electri-
cally for conductor and insulation condition. The meggering was done from
the main switchboard. In nearly all cases, they meggered satisfactory (see

megger tabulations for exceptions).
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The 1-1/4 inch diameter wire rope main messenger cables and their
backstays at each tower and the 3/8 inch diameter secondary messenger
cables between towers are in good condition. The inboard main messenger
cable on the east side of the structure is slightly more taut between
towers than the outboard cable (refer to Photograph II1-51) and the inboard
backstays are slightly more slack. No apparent problems have developed due
to the unequal adjustment of the two cables.

The inboard backstay cable at the northwest catenary bracket is con-
tacting the center secondary cable of five cables near the bracket (see
Photograph 1-31). The secondary cable should be disconnected at the
bracket and placed on the opposite side of the backstay. The power/control
cable should be wrapped with a protective shield if it will contact the
backstay after moving the secondary cable.

Photograph I1-31 - Contact between inboard backstay cable and secondary
messenger at northwest cantilever bracket.

The galvanized coating on the messengers and backstays is beginning
to show the effects of weathering by minor oxidation and point surface
corrosion at locations in the crevices between strands. Near the towers
all backstays have a light coating of primer paint at areas, apparently
blown onto the cables during recent bridge painting operations. The
inboard cable of the southeast backstay is coated with a dried substance
near the south face of the tower. Primer paint exists on the surface of
the coating.

On the east side of the 1ift span, at the third and fifth inter-
mediate supports from the north tower, the respective east and west cast
steel saddles for the main messengers are rotated against the support
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angles. The saddles at the first support and the east saddle at the sixth
support are slightly rotated. The U-bolts are tight at the connections.
Several of the support angles are corroded on the top surface at locations
the galvanize coating is abraded.

At the fourth support bracket on the west main messengers, the
single fastener in the connection of the second inboard secondary messenger
to the suspension hook is loose.

Generally, all the grade clamps that support the electrical conduits
are corroded at the edges, but are still functioning (see Photograph I11-206).
Near the northwest catenary bracket, a rubber shield was not installed be-
tween a grade clamp and the conduit and the edge of the clamp is penetrating
into the conduit. Between the fifth support bracket of the west main
messengers and the south tower many of the galvanized shields are missing
or displaced from the ring supports for the single communications or signal
conduit (see Photograph 1I1-207).

Exposed Tower Cables. The exposed vertical cables on the towers were
inspected for physical condition of the outer jacket and for electrical
condition of the conductor and insulation. These cables were in satisfac-
tory condition.

Control House and Machinery Room Wiring. Cables and wiring between the
switchboard and control desk were 1n good condition. Some of this wiring
is relatively new.

The panelboard circuits in the control house and both tower machi-
nery rooms were meggered, and found to be in satisfactory condition.
Results are tabulated in the Appendix.

Some of the more recently installed panelboard circuits appear to
feed the radio equipment in the machinery rooms, and are pre-arranged in a
somewhat haphazard manner.

Miscellaneous Exposed Wiring. Miscellaneous exposed wiring, mostly
appearing to be communication wires, were found strung on the north tower
bottom. This wiring apparently is abandoned.

Tower and Lift Span Conduits

North Tower and Pier. Some conduits were rusted through in spots. 1In
some cases, the conduit appeared good, but the support clamps were badly
rusted. Also, some electrical boxes appear to have been abandoned in
place. The plastic conduit carrying the ground wire into the riprap at the
pier bottom is coming apart at the couplings, and generally inadequately
supported (see Photograph I1-32). Surplus ground wire is inappropriately
kinked and bent in a haphazard manner. Such bends and kinks generally
deteriorate the grounding effectiveness for lightning protection.
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Photograph I-32 - Broken plastic conduit and corroded support clamp on
Abutment D.

Conduits at Abutment D were also in generally unsatisfactory
condition. Broken conduit body, improper conduit supports, and improper
conduit termination were found.

South Tower and Pier

Conduits on the south tower and pier were generally in satisfactory
condition, with a few exceptions. The plastic conduit on the tower span
was broken in several places (see Photograph 1-33). This conduit was
improperly supported, using plastic cable ties. Also, a conduit body cover
was missing. In some places, conduit clamps were rusted. The two large
junction boxes at the bottom of the south tower were in good condition,
except for some missing cover bolts.



Photograph I-33 - Broken and improperly supported plastic conduit on south
tower span.

Lift Span

Conduits on the top chord of the 1ift span were in satisfactory
condition. However, conduits at stair and walkway levels were suffering
from severe rusting at and of the support clamps (see Photograph I-34).
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Photograph I-34 - Corroded conduit along the 1ift span walkway.

Air Horns

The air horns and compressors were inspected. The horns appear
quite old, but are in fair condition. The compressor motors are relatively
new and appear in good condition. The motors were meggered and yielded
excellent insulation values, each in excess of 1,000 megohms. The air
controls for the horns are obsolete, but still function satisfactorily.

Recommendations

Incoming Commercial Power

1. Replace the high voltage fuse assemblies on the control house
roof.

2. Contact resistance should be lowered on both General Electric 5
KV Toad break disconnect switches in the transformer room by
tightening the moving main contact gap.

3. Replace the high voltage primary wiring to the 15 KVA trans-
former bank.

4. The three 15 KVA transformers should each be taken out of
service, covers removed, and 0il level visually checked.
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As a preferred alternative to 4. above, replace the three aged
15 KVA oil-filled transformers with new dry-type transformers,
thus eliminating future oil maintenance and the potential fire
hazard associated with oil transformers.

The three 150 KVA transformers should each be taken out of ser-
vice and their oil changed.

As a preferred alternative to 6. above, replace the three aged
150 KVA oil-filled transformers with new dry-type transformers,
thereby eliminating the future oil maintenance and potential
fire hazard associated with 0il transformers.

Emergency Engine-Generator

1.

7.

Lubricate main generator bearings via the oil cup fill tubes
located under the access covers at both ends.

Repair intake and exhaust louver operating motor circuit.

Install strip heater in generator control/switchgear cabinet to
combat condensation and dampness.

Repair the diesel engine overspeed safety shutdown.

Repair or replace the emergency start and stop valves which are
presently inoperative due to excess paint.

Replace the missing handle for the engine lube o0il strainer and
incorporate its use into the engine operation procedure.

Repair or replace the water jacket thermostat.

Main Switchboard

1.

Burnish pitted contacts on contactors, and replace cracked or
broken arc chutes (if replacement parts can be obtained).

Periodically re-inspect auxiliary contact linkages on contactors
and rebuild when necessary.

Replace the various power circuit wiring and/or motors as
necessary to correct the low megger readings for the south rail
lock and lower span lock motor.

Isolate and correct the low megger readings (below 0.5 megohms)
obtained from the skew 1limit switches, lock control, main span
limit switch, railroad signal interlocking, and normal span
control interlocking. {See readings noted in the tabulation in
the Appendix A).

Replace faulty and inappropriately sized fuses (see tabulation
in Appendix A).
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Replace missing mounting bolt in resistor mount.

The bridge control system, in general, is antiquated. This
control system, including the main switchboard, should be
replaced with a modern, enclosed, automatic {single push button)
system. This would not only eliminate the replacement parts
procurement problem, but also the shock hazards presented by the
existing open front, exposed contact type of equipment.

Control Desk

1.
2.
3.

Repair power selsyn transfer wattmeter,
Recalibrate the ammeters.
Replace control deck (or at lest the control panel and metering)

at such time as the control system is replaced, as recommended
in 5. above under "Main Switchboard".

Limit Switches

1.

Clean and dry the span seating limit switches. Drill a 3/16
inch drain hole in bottom corner of each switch.

Periodically inspect the main span limit switches (rotary cam
type) in the north machinery house, and the skew limit switches
in both machinery houses. Dress the contacts as necessary.

Clean and dry the rail lock Timit switches. Drill a 3/16 inch
drain hole in bottom corner of each switch.

Replace all brake hand release 1limit switches.

Provide brakes released 1imit switches on all thruster brakes at
such time as control system is replaced; it may not be feasible
with existing equipment. Correct control interlocking should
prohibit span drive motor operation until brakes are released,
except for the drag brake function.

Navigation Lights and Aerial Beacons

1.
2.

Clean all paint spray off of navigation light lenses.

Replace sun shields and mirrors on the flashing span mounted
navigation lights.

Replace aerial beacon lamps with the correct type approved by

the FAA for aerial obstruction marking (620 or 700 watt
incandescent).
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Catenary Cables

1.

At the northeast catenary bracket, the center secondary cable
(of five cables), which is contacting the inboard backstay
cable, should be disconnected from the bracket and placed on the
opposite side of the backstay. Wrap the power/control with a
protective shield if necessary for abrasion or rubbing protec-
tion after the above relocation.

The catenary cable system should be inspected every two or three
years to monitor the minor corrosion noted on the support
angles, the grade clamps, and the wire ropes.

Tower and Lift Span Conduits

1.

Replace rusted conduits on the north tower bottom and on the
north tower span.

Repair the plastic conduit carrying the ground wire and the con-
duit supports at the north abutment. Eliminate surplus ground
wire and all unnecessary bends and kinks.

Repair broken conduit body, provide proper conduit supports, and
terminate conduit with an insulating bushing oriented downward
at north abutment.

Replace broken plastic conduit with galvanized steel conduit and
provide proper conduit supports on the south tower span.

Replace missing conduit body cover and miscellaneous rusted con-
duit support clamps.

Replace rusted conduits and supports along the 1ift span walkway
and stairways.

Remove miscellaneous abandoned loose wires at tower bottoms.
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PART V-4 - COUNTERWEIGHTS

Main Counterweights

The main counterweights are constructed of steel boxes filled with
concrete. Steel hanger plates attached internally project vertically from
the concrete to connect to the counterweight ropes. Four wells or chambers
exist in each counterweight to place small concrete blocks fer adjusting
the weight of the counterweight (see Photograph 1I1-217).

The exterior metalwork surfaces of the counterweights are in good
condition. Qccasional corrosion areas exist on the surfaces. On the top
surfaces of the units, caulking was placed at the interface of the concrete
caps and the hanger metalwork. The caulking is deteriorated at areas and
should be renewed.

The concrete cap of the north counterweight is in good condition;
however, major spalled and unsound areas exist in the cap of the south main
counterweight (see Photograph I11-218 and Figure 4-1). The deteriorated
concrete of the cap should be repaired and the upper surfaces of both
counterweights cleaned and sealed.

The drainage gutters on the units are generally free of debris. The
screens at the bottom of the exterior vertical gutter drains have been
removed and the drains are open.

The well covers are adequately painted on the upper surface;
however, poor paint cover and excessive corrosion was noted on the under-
side of two covers removed (see Photograph 11-219). The northwest and
southeast covers of the north and south counterweights, respectively, were
removed for inspection of the adjustment chambers. Both chambers were
found to be dry and the concrete in good condition, except the west side of
the southeast chamber {see Photographs I1-220 and 221). Hairline cracks
with leaching stains exist near the top of the chamber which is adjacent to
the spalled area of the cap. Adequate room exists in each compartment for
the placement of additional adjustment blocks.

rastener nuts for securing the well covers on the south counter-
weight have severe section loss and should be replaced.

Auxiliary Counterweights

The auxiliary counterweights consist of rectangular steel boxes
filled with concrete and are used to compensate for the shifting weight of
the counterweight ropes as the span is opened and closed {see Photograph
I1-217). Both auxiliary counterweights are in good condition. The upper
surfaces of the units are covered with grease apparently dropped while
Tubricating the counterweight ropes.

Minor section loss exists at the base of the hanger metalwork used
to support the counterweight when changing the ropes. The paint is
deteriorated on the members (see Photograph 11-222).

The condition of the main and auxiliary counterweight ropes and the
counterweight guide shoes is discussed in Part V-5 - Mechanical Equipment.
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Recommendations

1,

Repair the spalled and unsound concrete areas in the cap of the
south main counterweight {approximately 59 square feet) and
clean and seal the concrete surfaces at both main
counterweights.

Clean and paint the undersides of the well covers of both main
counterweights.

Replace deteriorated well cover fastener nuts for the south main
counterweight at four anchor bolts.

Replace the deteriorated caulking around the hanger metalwork at
each main counterweight,

Thoroughly clean and paint the hanger metalwork of both the main
and auxiliary counterweights.
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PART V-5 - MECHANICAL EQUIPMENT

Introduction

An in-depth inspection was made of the mechanical systems on the
Buzzards Bay Bridge during the weeks of April 20, May 7, May 14 and June 4,
1984, During the inspection, measurements were taken on the gear teeth and
bearing clearances were taken in each bearing possible in the drive
systems. Span measurements were taken on all gears, except the racks
attached to the counterweight sheaves, Chordal measurements were taken on
the racks. The bevel gears in the differentials and equalizers are not
accessible for measurement. They were checked visually.

Wherever possible, bearing clearances were taken with feeler gauges.
When access to both ends of a bearing is blocked by a gear, coupling,
shoulder or other hindrance, the bearing c¢learance was measured with a dial
indicator. A1l measurements taken during the inspection are tabulated in
tables at the end of the text.

The span drive bearings in split housings were opened for internal
inspection. The bearing cap bolts and nuts on the lower span lock drives
are so corroded that they could not be removed safely for fear that the
bearings could not be reassembled. The bearings in the upper span locks
and the rail locks are all in one piece housings that cannot be
disassembled.

A1l motor couplings were opened for internal inspection. The
inspection cover for the speed reducers in the lower span lock drive
systems were removed to inspect the reducer gearing.

The pressure in each pair of buffer cylinders was checked by
inserting pressure gauges between the valves and the cylinders.

The original intent was to open two of the counterweight trunnion
bearings for internal inspection. Defects were found in both of the first
two opened. Therefore, the remaining fourteen trunnion bearings were
opened also,

A representative from the bearing manufacturer was present and did
the actual inspection of the first two trunnion bearings opened. Steel
flakes and slivers found in eight bearings were sent to the bearing manu-
facturer for their analysis. A copy of their report is included in
Appendix B.

A11 of the main counterweight ropes and the auxiliary counterweight
ropes were visually inspected. The sheaves, rope guides and rope sockets
were also inspected.

i1 samples were taken from the two span Tock speed reducers and the
two rail lock gear motors. Grease samples were taken from the sixteen
trunnion bearings. A1l of the lubricant samples were sent to a test
laboratory for analysis. A copy of the report from the laboratory is
included in Appendix B.

The plumbing in the control house was inspected by a local plumbing
inspector. A copy of the inspector's report is included in Appendix B.
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Colored photographs were taken of all conditions of interest
observed. Mounted prints of the photographs can be found in Volume II of

the report.

Observations and Discussion

Span Drives

The span drives are basically in good condition. The machinery
operates smoothly with no unusual noises being created during operation.
A1l parts in the machinery rooms were found to be well lubricated during
the inspection.

The span drives have been altered somewhat since the original
installation. There is an emergency motor drive provided in each tower to
operate the span under reduced power and speed. Originally, there was a
complete drive train from the emergency motor to the shaft and the first
reduction pinion (P5) used in the normal motor drive system. A clutch was
provided to engage the emergency drive.

The emergency motor, motor coupling, and the first reduction pinion
and shaft remain in place. The idler gear and shaft has been removed from
each drive, but is available in each machinery room. The clutching mecha-
nism that was to be used for engaging the emergency drive has been removed
and apparently was discarded. The gear that operated with the clutch has
been replaced with a gear that is keyed to the shaft that also has Pinion
Py mounted on it,

The emergency motor drives can still be used. It would be necessary
to reassemble the idler gear and shaft in the machinery frame in each tower
to utilize the drives. If there was a problem with any of the motors
and/or brakes used for normal operating, the motor coupling for the defec-
tive motor or brake may have to be disconnected before using the emergency
drive,

The idler gear assemblies appear to be usable. The bearing journals
are corroded. The journals should be polished, then protected from
corrosion. Then, if they must be used, some time in the future, the jour-
nal will be ready for use without delay.

The span drive contains a clutched differential mechanism in the
first reduction gear (G3) assembly. The theory for using the differential
at this location is to provide a quick method to level the end of the 1lift
span during original construction, and to relevel the end of the span at
any later date. Occasionally, unequal stretch of the counterweight ropes,
slippage between the counterweight ropes and the sheaves, or some other
unforeseen circumstances will cant the end of the 1ift span.

The normal method of operation would be as follows:

The differential clutch is engaged under normal operations. With
the clutch engaged, the differential cannot operate as a differential. The
two output shafts of the differential are locked together by the clutch.
The two corners of the span then travel up and down at the same rate of
speed, regardless of the vertical force required at each corner.
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If, at any time, the span is lowered to the fully closed position
and one live load shoe comes into contact with its support, but the second
live load shoe does not come into contact, the differential clutch could be
disengaged. The span drive could then be energized in the lowering direc-
tion to drive the corner of the span that is not in contact down until con-
tact occurs. The differential clutch would then be reengaged.

The differential clutch is held in engagement by a counterweight
that applies the necessary axial pressure between the engaging cones
through a system of levers. To disengage the clutch, a GE Thrustor is
energized to raise the counterweight, remove the pressure from the engaged
cones and separate them slightiy.

The clutched differentials should not operate as differentials
during normal operations. When this occurs, the ends of the 1ift span have
a great tendency to tilt. Any small difference in resistance to vertical
movement in the two corners of one end of the span has an adverse effect on
the drive system that tends to feed on itself. The corner of the span that
has the greatest resistance to movement will slow down while the corner
that has the least resistance will accelerate. This will tilt the end of
the span. The tilting of the ends of the span may further increase the
resistance to movement on the corner that already had excessive resistance,
further aggravating the condition.

When the cone clutches in the clutched differential are solidly
engaged, the tilting of the end of the span cannot occur. The two corners
of the span raise at the same speed, even though the resistance to movement
is not identical in the two corners.

The clutches on the Buzzards Bay Bridge have been locked in the
disengaged position. The thrustors are no longer operable. Photograph 1
shows the Thrustor provided to operate the differential clutch on the North
Span Drive. Note that the push rods emerging from the top of the cylinder
have been painted. This paint will cause the rods to bind in their guides.
The counterweights that should be applying the force to engage the clutch
are being held in the raised position by a steel plate that has been bolted
to the counterweight. The differential now operates as a differential.

A1l of the components of the cone clutches and the Thrustor that was
provided to release the cone clutches are still in place. They have not
been used for many years, and would have tc be disassembled to check them
thoroughly and be rehabilitated.

During the inspection, an attempt was made to operate both
Thrustors. The Thrustor on the North Span Drive "hummed" when energized,
but no movement was detected. The Thrustor on the Scuth Span drive moved
upward approximately 1/32 inch when energized.

The lack of movement of the Thrustors when energized may very well
be because the counterweights are blocked in the fully raised position.
The Thrustors may be operable, but after being unused for many years, they
should be disassembled, completely inspected and the paint removed from the
push rods, seals and quides. The Thrustors could then be tested and
returned to service.
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With the cone clutches disengaged, the drives cannot keep the ends
of the 1ift span level. This function must now be done by the transverse
span guides. Therefore, the forces on the transverse span guides required
to withstand unequal 1ifting forces developed are added to the forces on
the guides, produced by wind loads.

When the span is subjected to high transverse wind loads, the span
tilts as it raises and lowers. When the span reaches the fully closed
position, the live Toad shoes on one side of the span hit the strike plates
first. The span drive continues to rotate driving the second side down
until the live load shoes on that side also bottom. The bridge operators
confirmed that this occurs.

On most bridges, the motor brakes are used te stop the movable span
on 1ift bridges. The machinery brakes are for emergency purposes. The
machinery brakes on the Buzzards Bay Bridge are being used to control the
speed of the span during closing. The brakes are engaged when the lowering
span is approximately ten feet above the fully closed position. Then the
motors must drive the span down through two brakes that are set. If the
brakes do not have identical torque settings, the span will tilt as it is
being driven with the brakes set.

The fluid in the Thrustors has “"never been changed” in the time that
the present bridge operators have been working on the bridge. The pin con-
nections on the brakes are not being lubricated. The fluid should be
changed annually and a few drops of oil should be applied to each pin con-
nection monthly.

There is only one limit switch mounted on each of the Span Drive
brakes. The 1imit switch is tripped when the brake is released manually.
Ideally, two more limit switches would be mounted on each brake. One would
provide an indication when the brakes are released {either manually or
electrically) and one would provide an indication when the brake is set.

North Span Drive

A machinery schematic for the North Span Drive is shown with Tables
1 through 3 at the end of the text. Bearing clearances measured are tabu-
lated in Table 1. Gear tooth measurements taken are tabulated in Table 2.
Conditions found for other components are contained in Table 3.

Bearings

The machinery bearings in this span drive train that could be
inspected are all in acceptable condition. The bearings that could be
measured had clearances of .001 inch to .019 inch. Apparent wear varies
from "0" to .014 inch. This amount of wear is much less than average for a
bridge that has been in service for fifty years. The bearings that were
opened for internal inspection showed some signs of mild deterioration.

The journal in Bearing By3 has light scratching as seen in Photograph 2.
The bronze in the cap had one deep score mark, not visible in Photograph 3.
Apparently, a piece of abrasive material found its way into the bearing at
some time.
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A1l of the bearings in the span drive that could be inspected are in
acceptable condition. Assuming that all bearings have received the same
care, it should be safe to say that the remaining bearings are also in
acceptable condition.

Brakes

There are five thrustor type brakes on each span drive. Brake E, on
the North Span Drive, is mounted on the Emergency Drive Motor and is not
being used. The other four brakes are in service. No serious mechanical
problems were found with the brakes. A few minor problems exist.

The 1imit switch on Brake A does not actuate. The outside diameter
of the brake wheel is not well polished.

The outside diameter of the brake wheel on Brake E is rusty. The
brake shoes must be readjusted before the brake can be used.

The lock nut on the brake shoe clearance adjustment is loose on
Brake G. There are some o0ld score marks on the outside diameter of the
brake wheel. Photograph 4 shows the brake.

The 1imit switch doesn't actuate on Brake H. The outside diameter
of the brake wheel has old score marks.

The Thrustors on the two motor brakes and the two machinery brakes
all release their brakes in less than one second after they are energized.
When the Thrustors are deenergized, the brakes set in a reasonable sequence
that will not cause undue shock loads in the system. Brake A sets in 1-1/2
seconds, Brakes B, H and G set in & seconds.

Couplings

The three motor couplings in the span drive system are Falk, grid
type, flexible couplings. The existing couplings are obsolete. They are
in good condition.

This obsolete style of coupling has one problem that does not affect
the utility, but can create a housekeeping problem. There are no seals
provided in the coupling to prevent leakage of lubricant. If there is an
excessive amount of lubricant in the coupling, the lubricant can leak out.
The speed of rotation of the couplings is high enough to fling the lubri-
cant quite a distance around the machinery room.

Some time in the past, canvas has been tied around each motor
coupling. The canvas prevents lubricant from being thrown around the room,
but it makes inspection and relubrication of the couplings more difficult.

The three couplings were opened for internal inspection. No defects
were found., Coupling Co2 can be seen in Photograph 5.
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Gears

The gears in the North Span Drive System are all in acceptable
condition. Only minor wear has taken place and all gears were found to be
well lubricated during the inspection. Lubrication of the racks (Gears
R1 through R4) was marginal.

The maximum apparent wear found was a loss of .059 inch from the
gear tooth thicknesses on Gear G5. This represents a loss of 7.9% of the
original thickness. The measurements of other gears can be found in Table
2 at the end of the text.

Gear alignment of Gearset Pg-Gg is not good. The gear teeth have
end loading as seen in Photograph g. The misalignment is caused by the
axial loading on the rim of the gear due to the helical gear tooth
reaction. Herringbone, or double helical gears, would be better for this
application. The reduced area in contact undoubtedly contributed to the
more rapid wear for Gg than for other gears in the system. However, the
wear is still minor and will not reduce the utility of the gear.

Photograph 7 shows Gearset Pg-Gg after some of the teeth were
cleaned off for inspection. The teeth are in good condition.

The equalizer gears at both ends of the span drive are in good
condition. Gearset P3-G3 in the east equalizer is shown in Photograph 8.

The Pinions P1B and P1C are nearly inaccessible. It was necessary
to squeeze through a narrow opening alongside the counterweight rope to get
into a constricted space to measure the pinions (see Photograph 9).

The gearing driving the 1limit switches and skew transmitter are also
in good condition. The crossed helical gears seen in Photograph 10 provide
the drive for the skew transmitter. Crossed helical gears have only point
contact and the gear tooth surfaces have scuff marks, even though Tightly
loaded and well lubricated.

The spur gearset seen in Photograph 11 drives the skew limit
switch, The limit switch and skew transmitter can be seen in the
photograph. The gearset is in good condition.

Shafts

The shafts in the power train for the North Span Drive were
inspected. Special attention was given to the areas including stress
risers, such as shoulders and keyways. No distress was found. The shafts
are well painted. No corrosion problems exist.

South Span Drive

A machinery schematic for the South Span Drive is shown with Tables
4 through 6, at the end of the text. Bearing clearances measured are tabu-
lated in Table 4. Gear tooth measurements taken are tabulated in Table 5.
Conditions found for other components are contained in Table 6.
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The condition of the South Span Drive is much the same as the con-
dition of the North Span Drive. There is no unusual ncise generated during
operation of the drive machinery. A1l parts were well lubricated.

Apparent wear for the bearings and gears are all within acceptable limits.

Bearings

The machinery bearings in this span drive train that could be
inspected are all in acceptabie condition. The bearings that could be
measured had clearances of "0" to .0l16 inch, Apparent wear varies from "0
to .010 inch. This amount of wear is much less than average for a bridge
that has been in service for fifty years. The bearings that were opened
for internal inspection showed some signs of mild deterioration. The jour-
nal in Bearing Bg has minor scoring and only 35% contact, as seen in
Photograph 19.

Bearing Bjp has minor scratching and 60% contact. Bearing By3 is
well aligned with virtually 100% contact, as seen in Photograph 12. The
journal for B3 is seen in Photograph 13.

Bearing By4 is poorly aligned with its shaft, as seen in Photograph
14, There is only about 10% contact between the shaft and cap. Some of
the old, hard grease was scraped out before the photograph was taken.
There is minor scoring on the journal, as seen in Photograph 15.

Bearing B1g is also poorly aligned with the shaft. Contact in the
cap is approximately 10%, as seen in Photograph 16. Note that the bronze
is dull, not polished in the cap. The bearing journal has minor
scratching, as seen in Photograph 17.

Bearing B has approximately 25% contact as seen in Photograph 18,
The journal has minor scratching.

Although the majority of bearings are poorly aligned with their
shafts, wear has been minimal. The condition does not warrant reworking
the machinery frames that the bearings are mounted in to correct the
misalignments.

A1l of the bearings in the span drive that could be inspected are in
acceptable condition. Assuming that all bearings have received the same
care, it should be safe to assume that the remaining bearings are also in
acceptable condition.

Brakes

There are five thrustor type brakes on the South Span Drive. Brake
F is mounted on the Emergency Drive Motor and is not being used. The other
four brakes are in service. No serious mechanical problems were found with
the brakes. A few minor problems exist.

The limit switches on Brakes C and D do not actuate. The outside

diameter of the brake wheel on Brake D is not well polished, but is smooth.
No signs of distress.
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The outside diameter of the brake wheel on Brake F is rusty. The
brake shoes should be replaced before the brake is used. The brake has no
limit switch,

The limit switch is inoperable on Brake J. The outside diameter of
the brake wheel is well polished, as seen in Photograph 20.

The 1imit switch moves, but apparently doesn't trip on Brake K. The
outside diameter of the brake wheel is nicely polished.

The Thrustors on the two motor brakes and the two machinery brakes
all release their brakes in less than one second after they are energized.
When the Thrustors are deenergized, the brakes set in a reasonable segquence
that will not cause undue shock loads in the system. Brake C sets in 1-1/2
seconds, Brake D sets in 2-1/2 seconds, and Brakes J and K set in 4 seconds.

Couplings

The three motor couplings in the span drive system are the same
Falk, grid type, flexible couplings found on the North Span Drive. They
are in good condition. The three couplings were opened for internal
inspection. No defects were found. Coupling C3 can be seen in Photograph
21. This photograph is representative of all three couplings. Coupling
C1 needs to be relubricated.

Gears

The gears in the South Span Drive system are all in acceptable
condition. Only minor wear and a few nicks were found. A1l gears were
found to be well lubricated during the inspection. Lubrication of the
racks {Gears Ry through Rg) was marginal.

The maximum apparent wear found was a loss of .062 inch from the
gear tooth thicknesses on Gear Gg. This represents a loss of 8.3% of the
original thickness. The measurements of other gears can be found in Table 5
at the end of the text.

Gear alignment of Gearset P5-Gg is not good. The gear teeth have
the same type of end loading as the same gearset in the North Span Drive.
The same helical gear tooth reaction caused the condition and the reduced
area in contact contributed to the more rapid wear for Gg than for other
gears in the system. However, the wear is still minor and will not reduce
the utility of the gear. Photograph 22 shows the minor wear on Pinion Pg.
The teeth are in good condition.

Photograph 23 shows the bevel gears in the clutched differential.
If the clutch was properly engaged, the bevel gears could not rotate. The
bevel gear teeth in the photograph are clean, indicating that they have
been in contact recently.

The equalizer gears at both ends of the span drive are in good
condition. Gearset P3-G3 in the west equalizer is shown in Photograph 24.
This gearset was misaligned, but was worn in to produce full face contact.
Pinion P1p and Rack Rq are axially misaligned 7/8 inch. Pinion P1p, seen
in Photograph 25, is in good condition. This photograph is representative
of all of the rack pinions on the bridge.
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Lower Span Locks

Measurements taken for the components in the span lock system can be
found in Tables 7 and 8 at the end of the text. The nomenclature used in
the following descriptions can be found on the schematic drawing used with
the tables.

North Pjer

No unusual noises were heard during operation of the span lock
machinery.

The mounting brackets for the solenoid brake on the span lock drive
are heavily corroded, as seen in Photograph 26. The shoes are not in firm
contact with the brake wheel when the brake is set. The flange bolts on
the motor coupling were moderately corroded.

The grid in the motor coupling was found to have several fractures
when the coupling was opened for inspection. The coupling had no lubricant
and all internal parts were heavily corroded, as seen in Photograph 27.

The fractured grid was replaced and the coupling cleaned and lubricated
before our inspection was completed.

The 0il in the span lock reducer was heavily contaminated. Sludge
from the bottom of the speed reducer can be seen in Photograph 28. The o0il
collecting grooves above the bearings were also full of sludge.

The test results from Ana Labs do not support our visual findings
completely. Before taking 0il samples, the span lock machinery was
operated through several cycles. However, the thick sludge at the bottom
of the reducer housing apparently did not become dispersed. Therefore, the
results of the tests are not valid. The lab found wear metals in the oil
"mildly above normal" and contaminants "acceptable".

The nuts on the reducer base plate anchor bolts in the northwest and
southwest corners of the reducer are heavily corroded, as seen in
Photograph 29. One of the bearing bolts on the south side of the reducer
housing is heavily corroded, as seen in Photograph 30.

The nuts on the cap bolts for Bearing B2 are heavily corroded. The
southeast cap bolt is also corroded.

The Pinion PG| and Sector Gear SGj transmit power from the output
shaft of the speed reducer to a jack shaft journaled in Bearings B, and Bj.
$G1 is mounted on one end and Lever CLi is mounted on the opposite end of
the jack shaft.

Gearset PGj-SGi had not been lubricated for many years. Recently,
the operators began lubricating the gearset. The heavy loss of metal on
the Pinion PGy, due to corrosion, can be seen in Photograph 31. The gear
teeth at the end of Section Gear SG; can be seen in Photograph 32.

The connecting rods (Parts Ly and L) are made up of pipe with a

clevis bolted to each end., The bolts and nuts are heavily corroded in vir-
tually every location, as seen in Photographs 33 and 34.
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The west lock bar pocket, mounted on the pier has light corrosion.
The anchor bolts for both pockets have light corrosion. One nut is missing
on an anchor bolt on the east pocket and two are missing on the west
pocket.

South Pier

The Lower Span Lock Machinery on the South Pier is basically in the
same condition as that on the North Pier. The motor mounting bracket is
heavily corroded. The open gearset teeth had lost a great deal of section
through corrosion before they were included in the regular lubrication
procedure. Many of the nuts on the bearing cap bolts, the connecting rod
assembly bolts and nuts, and the lock bar socket foundation bolts are
heavily corroded.

Photograph 35 shows some of the gear tooth corrosion on Gear 5Gj and
corroded cap bolt nuts on Bearing Bo. Photographs 36 and 37 show corroded
assembly bolts on the connecting rods.

When the motor coupling was opened for internal inspection, the
coupling was found to have no lubricant inside. Al1 internal parts were
corroded. There was no guard over the coupling.

The lock bar socket and the live load supports at the south end of
the bridge are in close proximity to one another. Debris has collected in
the spaces between them also. Water now becomes trapped between the parts
and is accelerating corrosion of the parts and their anchor bolts and nuts.

Upper Span Locks

A schematic of the Upper Span Locks is shown in Figure 1. There are
four sets of Upper Span Lock Machinery, one on each side of the span at
each end. The Upper Span Locks have not been used for more than twelve
years. A1l of the components are still in place, except the Lock Lever
Fingers.

The Thrustors that were furnished to disengage the Upper Locks are
still wired into the control circuits. The Thrustors go through each cycle
when the span is being lowered. The Thrustors in all four Upper Span Locks
release in two seconds and retract in two seconds. The Thrustors and
Levers FBy and LBy and the top end of Connecting Rod CR] are located in
enclosures outside of the machinery rooms, as seen in Photograph 38.

CR1 has been disconnected from LBy in each of the systems, as seen in the
photograph.

The bottom 75% of CRy is enclosed in the structural steel column in
the corner of the tower, The inside surfaces of the column and CR1 were
not well painted, as seen in Photograph 39. CRj is now lightly corroded.

Lever LC2 has a clevis at the top end that formerly held the Lock
Lever Finger. Lever LC7, as seen in Photograph 40, is the arrangement used
at the fixed end of the span. The arrangement seen in Photograph 41 is
used at the expansion end. Bearings B; and B, support the shafts on which
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LC; is mounted. B1 is located inside the colum. By is mounted on the
column side plate, as seen in the photographs. The nuts on the mounting
bolts for B> are moderately corroded in several locations.

Rail Locks

North End of Span

A schematic of the Rail Lock Machinery can be seen in Figure la.

The brake for the Rail Lock drive is a motor mounted solenoid brake.
The west shoe does not retract when released. No other mechanical problems
were found with the brake.

No unusual noises were heard when the Rail Lock machinery operated.
The gear motor used in this drive has no inspection opening. Internal
inspection cannot be made while it is mounted on the bridge.

An 0il sample was taken from the gear motor used in this drive. The
drive was operated through several cycles before the sample was taken.
"Mildly above normal" wear elements were found in the oil. Contaminants
found were within acceptable levels. However, our experience with the span
lock reducers would make the test results questionable.

None of the bearings supporting gear shafts in the Rail Lock drives
are accessible for measuring clearance with feeler gauges. No unusual
radial shaft movements were observed in the bearings. Bearing By is a
flanged bearing mounted to the web of a transverse girder on the approach
span. Four mounting bolts are used to mount the bearing. Three of the
four nuts on the mounting bolts are heavily corroded, as seen in Photograph
43,

A "slip coupling" is used in the Rail Lock drive to prevent damage
if parts are misaligned when the locks are driven. The coupling has a
sheet metal cover that was removed before Photograph 42 was taken.

The sheet metal cover and the internal components Seen in the photo-
graph are all lightly corroded. No c¢lutch lining debris was found inside
the cover.

The Rail Lock drive utilizes a wide bronze spur pinion, Part
PGl, that drives Segment Gear SG% and the gears used to drive the limit
switch, as seen in Photographs 43 and 44. Only a small percentage of the
face width of PG} is used. The relatively soft bronze has deformed and
worn considerably in the narrow band being used, as seen in the
photographs. The gears in this part of the drive are not being lubricated.

Shaft Sp is a non-rotating shaft that supports combination Segment
Gear-Lever SG1. The shaft is mounted with brackets that are bolted to the
structural steel. The brackets are heavily corroded as are the mounting
bolts.

The 1imit switch drive for the Rail Lock drive is heavily corroded.

Approximately 50% loss of section has been experienced, as seen in
Photograph 45,
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South End of Span

The machinery in the Rail Lock drive system at the south end of the
bridge is in the same condition as that on the north end. The bronze Gear
PG1 has the same type of wear as seen in Photographs 43 and 44,

The slip coupling is more heavily corroded on the south Rail Locks,
as seen in Photograph 46. Note that the springs, studs and end plate are
especially heavily corroded. No clutch lining debris was found in the
cover to indicate unusual wear,

Buffer Cylinders

There are eight buffer cylinders on the Buzzards Bay Bridge. Four
of the buffers are located on the bottom chords at each corner of the span.
The other four buffers are located near the tops of the towers, two on each
tower.

The four lower buffers mounted on the 1ift span were provided to
cushion the span as it is approaching the fully closed position. The four
upper buffers mounted on the towers were provided to cushion shocks when
the span is approaching the fully open position.

Pressure gauges were insuylated on each pair of buffer cylinders
during the inspection, as shown in Photograph 47. Pressure buildup was
monitored visually when the span approached the end of travel, pushing the
buffer piston assembly up into the cylinder. Each buffer was also observed
as the span moved, so as to allow the pistons to descend in the cylinder,
Clearance measurements were taken around the piston rod guides at the bot-
tom of each buffer,

The bridge operators indicated that they are lubricating the buffer
cylinders, internally, by adding 1/2 gallon of #10 oil to the top of the
cylinder twice a year. This is not frequent enough. The oil drains off
from the siiding surfaces and the siiding surfaces wear and corrode if not
coated more frequently. Adding a pint of o0il monthly would provide better
lubrication and corrosion resistance.

The buffer cylinders and their assembly and mounting bolts have not
been well painted, as seen in Photograph 48. In the areas that are out of
sight and/or difficult to reach, the surfaces have not been painted. As a
result, the parts are corroding, especially the fasteners.

The piston rod assemblies descend by gravity. If the sliding sur-
faces are well lubricated and well polished, the piston assemblies descend
smoothly. [f the surfaces are not well polished and lubricated, the piston
rod assemblies may descend in a jerky manner or not at all.

When the span was moving down away from the upper buffers, the
piston assemblies hung up in the two buffers on the north tower, indicating
that the interior surfaces of the cylinder, the piston, and/or the piston
rings may be corroded. The surfaces may not have sufficient lubricant,
also. The piston assembiies in all other buffers descended smoothly.
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The clearances in the guide bushings for the two buffers that hung
up were checked. The bushings were well lubricated and there were clearances
between bushings and the piston rods of .019 inch in the east buffer and
.024 inch in the west buffer. Three of the assembly bolts for the west
buffer were found to be heavily corroded.

The pressure regulator valve of the buffer cylinder on the north
tower was set at the maximum open position. No pressure of any consequence
can be built up with the valve fully opened.

The upper buffer cylinders attached to the south tower have clearances
of .022 inch in the guide bushing for the east buffer and .018 inch on the
west buffer. (learances and lubrication of both bushings were acceptable.
Four of the eight assembly bolts that hold the piston rod guide to the bot-
tom of the west buffer are severely corroded. The nuts on the mounting
bolts for this buffer are also heavily corroded. The pipe nipples between
the buffer cylinder and the check valve and between the buffer cylinder and
the pressure regulating valve have rusted completely through, as seen in
Photographs 49 and 50. No pressure can build up in the cylinder. The nuts
on the mounting bolts for the east buffer attached to the south tower are
moderately corroded.

The nuts on the mounting bolts on the two lower buffers attached to
the north end of the 1ift span are moderately to heavily corroded. The
handles on the pressure regulating valves were both paint tight. Neither
could be rotated to check the adjustment. During closing of the span, the
pressure buildup in the two buffers was 5 psi in the east buffer and 3 psi
in the west.

The nuts on the mounting bolts for the two lower buffers attached to
the south end of the span are also corroded. The handle for the pressure
regulating valve on the west buffer is missing and the valve stem is bent.
The pressure buildup in the two buffers was 2 psi in each.

At the present time, the two motor brakes are being set when the
span is approximately ten feet above the fully closed position. This is
being done to prevent the span from seating at too great a speed. The
buffer cylinders are not now doing their job. If they are properly sized
and working correctly, the buffers would provide the cushioning effect
required to prevent shock loads from occurring during closing.

Chain Hoists

There are four chain hoists in service on the Buzzards Bay Bridge.
There is a five ton hoist over the machinery room in each tower, a 1/2 ton
hoist in the auxiliary generator house and a three ton hoist over the
railroad tracks outside the operators house. The four hoists were inciuded
in this inspection.

A1) of the hoists are in good operating condition. The 1/2 ton
hoist in the generator house is like new, as seen in Photograph 51. The
three ton hoist over the tracks is kept in an enclosure outside of the
operators house. The hoist has light corrosion on the various components,
as seen in Photograph 52,
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The five ton hoist in the north machinery room is in good operating
condition. Paint is peeling from one side of the beam the hoist trolley is
mounted on, as seen in Photograph 53. The paint is in good condition on
the opposite side of the same beam, as seen in Photograph 54. The chain is
lightly corroded, but other components of the hoist are in good condition,
as seen in the photographs.

The gearing used in the traversing drive can be seen in Photograph

55. Light rust is evident on the gears and on the outside diameter of the
wheel in the photograph, but no sericus problems were uncovered. The
entire truck at both ends is well painted and in good condition, as seen in
Photographs 56 and 57. The track that extends behind the elevator is
lightly corroded and has scattered paint and debris on the rolling surface,
as seen in Photograph 58. Other parts of both tracks are in similar
condition.

The five ton hoist in the south machinery room is also in good

condition, The photographs shown for the hoist in the north machinery room
are typical of the conditions found in both hoists.

Main Counterweight Ropes

The counterweight ropes have serious deficiencies. The ropes are
damaged at the guides that separate the ropes atop the counterweights. The
lubrication of the ropes is poor. Much corrosion is in evidence on the
ropes. MWhen the lubricant on the ropes was scraped off, water ran out of
the ropes in many places.

There are forty ropes connecting the 1ift span to the counterweight
at each end of the span. For purposes of clarity, the ropes were numbered
from 1 to 40 at each end of the span, with #1 being the most easterly rope
then numbered consecutively. Ropes 1 and 10 pass over the most easterly
sheave and are attached to the counterweight in one group. Ropes 11
through 20 pass over the sheave second from the east and are attached to
the counterweight in a second group, etc.

Each group of ten ropes comes off from one side of a sheave in the
same vertical plane. The ten ropes then extend down from one side of the
sheave and are attached to the 1ift span and extend down the opposite side
of the sheave and are attached to the counterweight. The 2-1/4 inch
diameter ropes leave the sheave on 2-1/2 inch centers. The wire rope
sockets and pin connections required to equal the strength of the rope are
10 inches across. Therefore, the ropes must be spread apart substantially
to make room for the connections.

When the ten ropes approach the counterweight, they are first
divided into two groups of five ropes by the "Upper Rope Guide", as seen in
Figure 2. Five ropes pass on each side of a vertical steel plate. Each
group of five ropes are then spread apart by the lower rope guide, also
seen in the schematic.

There are curved rope grooves in both the upper guides and the lower
guides to give support to the ropes as they are being deflected.
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Theoretically, the spacing of the rope groove at the bottom of the upper
guide is exactly the same as the spacing between the rope grooves at the
top of the lower guide. Then, if the guides are properly aligned, each
rope would pass from the upper guide groove to the lower guide groove with
no side pressure on the rope.

Unfortunately, the grooves in the upper rope guides do not have the
same spacing, nor are they properly aligned with the grooves in the lower
rope guides, as shown in Figure 3.

Figure 3, View A, shows the centerlines of the grooves properly in
line with one another in a north-south plane. View B shows centerlines of
the grooves offset from one another. In Section C, the grooves on the left
side of the guides are in line in an east-west plane, while those on the
right side are offset.

Counterweight Ropes 2, 4, 6, 7 and 9 on the North Counterweight are
seen in Photographs 59 and 60. Note in Photograph 60 that four ropes are
pushed to one side of the grooves in the upper guide. This is because of
misalignment between the grooves in the upper and lower guides. The ropes
are pressed hard against the sharp corner of the groove. In this group of
ten ropes, Ropes 2, 4, 5, 7 and 9 are pressed hard against the sides of the
grooves and show fretting corrosion. The other five ropes also are pressed
against the sides of the grooves, but less severely.

The counterweight ropes vibrate whenever the wind blows at the
bridge site, almost continuously. The vibrating ropes cause the ropes to
pound against the upper rope guides. Where the ropes are pressed hard
against the side of the groove and the sharp edge of the groove, the ropes
are damaged, some severely. The constant pounding causes fretting corro-
sion of the ropes and the guides. Iron oxide deposits are evidenced on
many ropes. Note the heavy oxide deposits below the guides on the ropes in
Photographs 59, 60 and 61.

Tags labeling each counterweight rope were apparently attached to
each counterweight rope when they were shipped to the job site. The wires
that held the tags were not removed from many of the counterweight ropes.
Note also in Photograph 61 that three tag wires were left on one rope (#4)
in the area where the rope is pressed against the rope groove. The tag
wires probably have damaged the wires in the wire rope. This has occurred
on other ropes also.

Photograph 62 illustrates how the counterweight ropes are attached
to the counterweight. Ropes 1 through 20 are shown at the north
counterweight. Note the iron oxide running down several of the ropes below
the guides. Also note the corrosion between the steel plates at the near
end of the attachment. There is a space between the steel plates. The
spaces at every location are full of debris. Moisture held by the debris
promotes corrosion of the plates, the rope sockets, the pins and the
assembly bolts.

Photograph 63 shows Ropes 2, 4, 6, 7 and 9 at the south
counterweight. Iron oxide can be seen below the guide in this photograph.
Photograph 64 shows the east counterweight ropes at the south end of the
span. Iron oxide can be seen between the ropes and the grooves.
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Many of the ropes are damaged severely at the counterweight guides,
The damage shown to the rope in Photograph 65 is typical, This type of
damage is most severe at the south counterweight.

The ropes that are pressed hard against the edges of the grooves
were each pushed out of the grooves with a hydraulic jack a short distance.
The damage to the wires could then be seen reasonably well. Twenty-nine of
the forty ropes at the south counterweight were found to be damaged. Rope
5 has five worn wires in each of four strands. Three strands each have
seven damaged wires in a row in Rope 6. The fourth strand has four damaged
and three broken wires. Four wires in each of four strands of Rope 7 are
badly damaged. Nine wires in each of four strands have 50% loss of section
in Rope 9. Ropes 15, 16, 17, 18, 21, 23, 24, 25, 26, 27, 28 and 30 through
40 are all damaged. The damage to the ropes at the north counterweight is
also substantial, but Tess than that at the south counterweight.

The same basic rope guide arrangement is used for connecting the
counterweight ropes to the span as is used at the counterweight. Since the
span is held in the fully opened position the great majority of the time,
the counterweight rope section between the span connections and the sheaves
are short. When the lift span is in the full open position, the amplitude
of vibration of the ropes above the quides at the span connections is much
less than above the counterweight connections. Therefore, the damage to
the ropes at the span connections is not as severe as at the counterweight.
The ropes are damaged at the span end of the ropes, but not as severely,

The counterweight ropes are also suffering from corrosion. The
ropes have been lubricated with Vitalife #5 rope dressing. This is not a
good lubricant to be used for field dressing. The material is heated then
applied by brush. As soon as it hits the cold ropes, it becomes very
viscous and does not penetrate the rope.

Photograph 66 shows a typical section of Ropes 31 through 40 on the
north end of the span. Note the ropes on the right in the photograph. The
lubricant forms a solid cylinder. The lubricant does not extend into the
valleys in many areas. Note the spots where the lubricant has pulled out
of the valleys. There is space behind the Jubricant and water can flow
into the space where the lubricant has pulled away. The water then follows
the valleys down the rope, soaks into the core and corrodes the rope.

Photograph 67 is a closeup of heavy corrosion in a valley of Rope 1,
North Counterweight. Photograph 68 is a closeup of corrosion in Rope 9,
North Counterweight. Photograph 69 shows Rope 3, North Counterweight.
Photograph 70 shows Rope 8, North Counterweight. Photograph 71, 72, 73, 74
and 75 show corroded spots on other ropes on the North Counterweight.
Photographs 76 and 77 show similar conditions on ropes on the South
Counterweight.

Virtually every rope has corrosion in the valleys. The corrosion
and lack of Tubricant in the valleys has undoubtedly caused substantial
loss of section in the wires that rub against each other as the ropes flex
to pass over the sheaves. The corrosion observed was both oxidation type
and fretting corrosion.
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The amount of damage to the wires due to internal corrosion and
rubbing cannot be determined while the ropes are in service. A rope that
js known to have internal corrosion must be assumed to be a dangerous rope.

No record was found to indicate that a bench mark was made on the
towers when the existing counterweight ropes were installed to allow
measurement of stretch of the ropes. The only possible method to approxi-
mate stretch that the personnel at the bridge were aware of was a painted
band on the North Tower. By unverified "word of mouth", the present opera-
tors were told that the lower counterweight guide originally stopped in the
center of the painted band when the 1ift span was in full open position.
The guide now stops 22 inches below the original level,

Several of the bolts and nuts that hold the upper rope guides to the
span are heavily corroded. The boits and nuts are in inaccessible
locations. There were eight nuts found at the south end of the span that
were heavily corroded and six at the north end.

The Toad distribution between the forty ropes at each end of the
span is not good. The relative tension was checked by timing 30 vibrations
of each rope on the counterweight side of the sheaves with the 1ift span in
the full open position. The times are tabulated in Table 9 for the North
Counterweight ropes, and Table 10 for the South Counterweight ropes.

The time interval for 30 vibrations varies from 17 seconds to 21
seconds at the North Counterweight or 23.5%. Since the tension varies as
the square of the frequency of vibration, the tension varies 52.5%.

The time interval varies from 17 seconds to 22 seconds at the South
Counterweight or 29.4%. The tension then varies 67.4%.

There was only one rope at each end of the span that vibrated
through 30 cycles in 17 seconds. Only one rope at the south end took 22
seconds. If the 17 second and 22 second time intervals are eliminated, the
time intervals at each end would be 3 seconds or 17.7%, and the maximum
difference in tension would be 36%.

The average time interval for 30 vibrations is 19.5 seconds at each
end of the span or 92.3 vibrations per minute. If the tension in the ropes
were to be readjusted so that the time intervals were 19 or 20 seconds for
30 vibrations, the maximum tension difference would be 10%. This would
require readjusting the tension in nine ropes at the north end and eleven
ropes at the south end.

There are two auxiliary counterweight ropes at each corner of the
lift span. The ropes are attached to the span near the top chord approxi-
mately 100 feet from the end. The ropes pass over the auxiliary counter-
weight sheaves in the tower then down to the auxiliary counterweight.

The auxiliary counterweight ropes are seriously corroded. They have
not been lubricated for many years. The length of ropes from the top chord
of the lift span to the sheave is difficult to reach and apparently has
never been lubricated, The ropes are heavily pitted in this area, as seen
in Photograph 78, At some time in the distant past, the part of the ropes
that extend down from the sheaves to the counterweight were lubricated, as
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seen in Photographs 79 and 80, The lubricant that remains on the ropes is
hard and cracked, as seen in the photographs. Water enters the rope
through the cracks in the lubricant and through the spaces between bare
wires., The ocutside surfaces of the ropes are corroded and internal corro-
sion has surely occurred.

The rope grooves in the northwest auxiliary counterweight sheave can
be seen in Photograph 81. The grooves are coated with rust.

Guides

Span Guides

The span guides include single guide wheels at the four corners of
the upper chord and at the two lower chords at the north end of the lift
span. The span guides at the south end consist of three longitudinal
rollers and one transverse roller at each corner, as seen in Figure 4.

A1l of the guide rollers were checked to see if they rotate freely,
and also for general condition. A1l rollers rotate freely and appear to be
receiving adequate Tubrication.

The guide rollers on each side of the span were observed while the
1ift span was raised and lowered. The total clearance on the longitudinal
guide rollers at the south end was approximately one inch at each corner.
Total clearance for the transverse rollers was approximately 1-1/4 inch at
each end.

Main Counterweight Guides

The quides for the main counterweights are siippers with slots that
engage T-bar type guides riveted to the structural steel on each side of:
the tower. There are two guide shoes attached to the top of the counter-
weight and two at the bottom, all four are on the navigation channel side
of the counterweight.

The T-bars were checked at 25 foot intervals for the entire height
of travel. The T-bars were found to be well lubricated during the
inspection. However, there is much etching of the sliding surfaces of the
bars, as seen in Photograph 82. It would appear that they were neglected
at some time in the past and suffered from substantial corrosion. There
was water found trapped behind loose paint applied over the lubricant on
the guides in several locations. The trapped water could also promote
corrosion,

The thickness of the guides were measured at 25 foot intervals with
a vernier caliper. The maximum thickness found was 1,610 inches and the
minimum was 1.425 inches on the north tower. The thickness varies from
1.455 inches to 1.575 inches on the south tower. The guide extension on
the T-bar is tapered. The measurements taken were at a depth approximated
as 1-1/2 inches. A small part of the variation in thickness could be from
variations in depth the measurement was taken at.

The full depth of the guides on the T-bar was measured with a scale.
The depth varied from 3 inches to 3-3/8 inches.
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The slots in the replaceable slippers were measured on each
counterweight. The depth of the slots varied from 2-1/4 inches to 2-1/2
inches on the north counterweight. The width was 2-1/2 inches on each. On
the south counterweight, the depth of the groove in the slippers varies
from 2 inches to 2-1/2 inches and the width from 2-1/4 inches to 2-5/8
inches,

When the counterweight raises and lowers in a strong wind, there can
be a substantial pressure between the surfaces of the guides and the sur-
faces of the slots in the slippers. The slippers wear and the guides wear.
When the depth of the slots becomes too great, the slippers begin to rub
the rivets that attach the guides to the structural steel. When this
occurs, the slippers must be replaced.

When the guides wear, the depth of the guide is reduced by wear, as
well as the width. As the depth is reduced, the slippers hit the rivets
after less wear in the grooves of the slippers.

The guides and slippers are both made of steel, The type of steel
the slippers have been made from in the past could not be determined. Two
worn slippers were located in the U. S. Army Corps of Engineers' shop.
Photographs 83 and 84 show the worn grooves and the area on each side of
the grooves (on top) that have been contacting the rivets.

The slippers are relatively easy to replace and their cost is
minimal. The cost to replace the guides would be much greater.
Consideration should be given to changing the wearing surfaces of the slip-
pers to a softer material, such as bronze. The rate of wear on the guides
would then be reduced, extending their life,

The auxiliary counterweights are guided by the same guide rails used
for the Main Counterweights. There are four guides located on each auxil-
jary counterweight. They do not have replaceable slippers. The grooves in
the auxiliary counterweight guides are worn, as seen in Photograph 85. The
widths vary from 2-1/4 inches to 2-1/2 inches on the north auxiliary counter-
weight and the depth from 2 inches to 2-1/2 inches. On the south auxiliary
counterweight, the grooves vary from 2-1/2 inches to 2-9/16 inches wide and
2-1/8 inches to 2-1/2 inches deep.

The mounting bolt nuts that hold the guide frames to the Main
Counterweights are heavily corroded in many locations. The nuts should be
replaced promptly and the nuts and bolts protected from corrosion.

Counterweight Trunnion Bearings

The sixteen roller bearings supporting the counterweight sheave
shafts all have serious defects. The original intent was to open two
bearings for internal inspection. William Slusarcyk, a field service
representative from the bearing manufacturer was brought in to do the
internal inspection.

Bearing TBy in the south tower was opened first, as seen in
Photograph 86. While inspecting the bearing, steel shreds were found in
the grease. Bronze flecks were also found. The source of the steel was
found to be the boss on the inside of the end cover, as seen in Photograph
87.
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Three elements of the thrust washer are supported by the boss, as
seen in the schematic in Figure 5. The flat thrust washer rides on the end
of the boss. The flat washer had worn a sizeable groove in the top of the
boss, as seen in the photograph.

The thrust rolliers were found to have substantial heat
discoloration, as seen in Photograph 88. The spherical washer and the flat
washer were also found to have heat discoloration. The side of the flat
washer that the roliers contact can be seen in Photograph 89.

The grease was cleaned out of this bearing and it was flushed out
with kerosene. The end cover was rotated 180 degrees to move the undamaged
area of the boss to the top. The bearing was then reassembled and filled
with new grease.

Trunnion Bearing TBy in the North Tower was then opened. The thrust
rollers and both thrust washers were found to have heat discoloration in
this bearing also. The roller side of the flat washer can be seen in
Photograph 90 and the rollers in Photograph 91.

Two additional sources of steel contamination were found. The end
of the counterweight sheave shaft presses against the flat washer at times.
During rotation of the shaft, some slippage occurs causing some wear on the
shaft, Also, the clamping ring holding the inner race of the bearing on
the shaft is held in place by 20 hex head capscrews without washers. The
capscrews were tightened with sufficient torque to cause the corners of the
heads to dig into the clamping rings. Steel slivers were found around many
of the capscrews.

Mr. Slusarcyk completed his inspection of the two bearings opened
during his visit to the bridge. A copy of his report can be found in
Appendix B.

A quick study was made to try to determine the cause for the intense
heat generated in the thrust bearing and the cause for the rapid wear on
the boss supporting the thrust bearing.

Several serious flaws in design of the trunnion bearing were found.
First of all, the radial roller assembly is a group of cylindrical rollers
mounted in a bronze cage that is free to float axially. The rotating
assembly can float until the bronze cage comes into contact with the station-
ary end cover on either end of the bearing housing. The end covers are
made of soft steel, ASTM A27-24. The machined surfaces that the bronze
comes intc contact with have a very rough finish, approximately 250
microinches. When the rotating soft bronze comes into contact with the
stationary rough steel surfaces, the bronze abrades very quickly.

The usual procedure to restrict end float of cylindrical roller
bearing assemblies is to provide shoulders on the inner and/or outer races.
The ends of the hard polished rollers contacting hard polished shoulders
does not create a problem. The bearings on the Buzzards Bay Bridge do not
have shoulders on either the inner or outer race. The outside diameter of
the inner race and the inside diameter of the outer race are both pure
cylinders, as shown in Figure 5.
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The thrust bearing has several serious design deficiencies. The
outside diameter of the boss supporting the three thrust bearing components
is the same soft steel with the same rough surfaces mentioned above. The
flat thrust washer theoretically rotates at the speed of the counterweight
sheave shaft. The thrust roller assembly in its bronze cage rotates at
half the speed of the same shaft. The flat washer and bronze cage both
rotate on the soft steel boss with a poor surface finish. Again, the
bronze and the steel boss will both wear.

The space between the end of the counterweight sheave shaft and the
flat washer is designed to be 1/4 inch. The bearing at the other end of
the shaft also has 1/4 inch space available. When the sheave assembly
moves in one direction until the 1/4 inch gap is taken up, the bearing at
the other end of the shaft will have 1/2 inch gap. The chamfer at each end
of the inside diameter of the flat washer is 1/8 inch on the drawings. The
cylindrical part of the inside diameter is 7/8 inch long. Therefore, with
the 1/2 inch gap and the flat washer moved up against the shaft, there
would only be 1/4 inch of the bore of the washer in contact with the boss
if everything were made exactly to print and the two bearing housings were
mounted exactly at the proper distance apart. If a combination of machinery
errors on any of the parts in the bearing assembly or the sheave assembly
or an error in spacing between the two bearing housings were to add up to
1/4 inch or more, the flat washer would fall off from the end of the boss.
If the combination of errors were to be more than 1/4 inch, but less than
3/8 inch, the flat thrust washer would ride with the chamfer riding on the
edge of the boss. The Tine contact between the end of the boss (soft
steel) and the rough surface of the chamfer on the hard thrust washer would
cause rapid wear of the boss.

An attempt was made to determine the relative spacing between pairs
of bearings supporting each counterweight sheave shaft. The space between
the seal ring of each bearing and the hub of the heave was measured on both
sides of each sheave. The total space for the sheaves varies from 1-13/16
inches to 2-1/8 inches or a maximum difference of 5/16 inch. This would
indicate that the spacing between pairs of bearings varies 5/16 inch. The
difference in spacing between trunnion bearings alone is sufficient to
allow the flat thrust washer to slide off the boss and rest with the only
contact between the washer and the boss in the chamfer.

The thrust rollers are cylindrical. The thrust roller assembly
includes fifteen sets of three rollers held in radial pockets in the bronze
cage, as seen in Figure 5 and Photograph 88,

Cylindrical rollers do not like to roll around in circles, as they
must in this bearing. When forced to roll in circles, the rollers must
slide on both of the thrust washers.

With three rollers of the same diameter in each radial pocket, the
three rollers must rotate at different speeds. The flat ends of the
abutting rollers must slide rotationally with respect to one another. No
provision was made to lubricate the abutting ends of the rollers. The
sliding of the rollers on the two thrust washers and the unlubricated
abutting ends of the rollers rotating against one another all create heat
quickly when operating under load. It is this heat that is generated that
caused the heat discoloration of the thrust rollers and thrust washers,
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Another questionable feature in the thrust bearing design is the
mating surfaces between the spherical thrust washer and the end cover. The
surface in the end cover is the frustrum of a cone., The mating surface on
the washer is spherical. Therefore, only line contact can occur between
the two pieces.

After defects were found in the first trunnion bearings opened, the
decision was made to open the other fourteen trunnion bearings. This was
done. Substantial amounts of bronze were found in all bearings., Steel
flakes and slivers were found in eight bearings. All fourteen of the
bearings were flushed out with kerosene and refilled with new grease.
Several of the bearings were found with excessive wear on the boss in the
end cover that supports the thrust bearing. In each case, the end cover
was rotated 180 degrees to place the unworn area of the boss in the load
zone.

The access to internal parts of the radial bearing is very poor,
even with the end cover removed. Note in the schematic in Figure 5 that
the space between the inner and outer races at the ends of the rollers is
almost completely covered by the bronze roller cage. Visual access to
areas beyond the ring of the bronze cage is virtually non-existent.

The bearing surface on the inner race is completely inaccessible. A
small percentage of the bearing surface of the outer race and on the
rollers can be checked "by feel" with a bent wire. This was done on each
bearing. A straight stiff feeler wire was made with 1/2 inch of the end
bent 90 degrees from the rest of the wire. The bent end of the wire had a
sharp point. To check the bearing, the bent end was inserted between two
rollers and first positioned so as to hold the sharp end of the wire
against the bearing surface of the outer race. The wire was then pushed in
and pulled out the full width of the bearing while holding the tip against
the outer race.

The tip of the wire was then turned so that the tip could be held
against the rollers on one side of the opening and the wire run in and out
the full width of the bearing with the tip held against the roller. This
was repeated for the second roller on the opposite side of the opening.

The above procedure was repeated for all of the openings in the
fower half of the bearing. Since the top half of the outer race is never
in the load zone, it was not checked. The rollers in the top half of the
bearings were spot checked.

Using the above procedure, many rough spots were found in the outer
races and in the rollers. In some cases, a rough spot was found, then
Jost. It could not be relocated.

The rough spots could be several things. Rolling element bearings
that fail by fatigue frequently have flakes of metal dislodged from the
bearing surfaces, leaving a pit with a rough surface. The primary purpose
of the inspection was to see if any of this type of degradation was
present. It may very well be.

The presence of steel slivers and bronze in the 0il1 as explained
earlier complicates the analysis of the rough spots. Large slivers of
steel were found that had worn away from the bosses in the end covers.
Much bronze was also found, but no large pieces.
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The flakes of steel found in the grease could be from one of two
sources. Undoubtedly, some of the slivers of steel from the worn boss
found its way into the radial bearing. When the slivers were rolled over
by the rollers in the load zone, they would have been fiattened out into
flakes. The second potential source for the flakes would be from degrada-
tion of the bearing components.

The rough spots found could have been caused by surface fatigue of
the bearing elements. They also could have been steel slivers that had been
rolled over that were still adhering to the bearing surface. The rough
spots that were found then could not be relocated, could have been steel
flakes that were dislodged by the sharp end of the wire. However, no flakes
were ever drawn out by the wire when this occurred.

Another possibility for the rough spots would be depressions in the
bearing elements caused by the steel slivers that were rolled over while in
the radial bearings.

Steel slivers and flakes found in eight bearings were sent to
Torrington for their analysis. They checked the flakes with an electron
microscope and have concluded that all pieces sent in were from the bearing
boss, not from the rollers or races, This information is included in their
report in Appendix B.

Observations made in the fourteen additional trunnion bearings
opened are as follows:

TB2 South - The thrust rollers and both washers have heat
discoloration. Slivers of steel and bronze were found
in the grease. Rough spots were found in the outer race
near the hottom.

TB3 South - Steel slivers found around clamping ring bolts. Thrust
rollers and washers discolored. Rough spots found in
outer race.

TBg South - Bronze and steel were found in grease. The boss sup-
porting thrust bearings has worn 1/32 inch. Thrust
rollers and washers are discolored. Seven pieces of
steel were found in grease.

Severe heat discoloration on the thrust rollers can be
seen in Photographs 92 and 93. Severe heat discolora-
tion on the flat side of the spherical washer is shown
in Photograph 94. Line contact on the spherical side of
the spherical washer is shown in Photograph 95.
Substantial heat discoloration on the roller side of the
flat washer is shown in Photograph 96.

TBg South - This bearing has not been in contact under load for a
long time, if ever. The axial thrust has apparently
been toward TBg supporting the opposite end of the
shaft. However, steel and bronze were found in the
grease. Photograph 97 shows the thrust roller assembly.
Both sides of the assembly, including the rollers, were
coated with old grease.
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TBg South -

TB7 South -

TBg South -

TBo North -

Much bronze was found in the grease., The boss in the
end cover is heavily scored, as seen in Photograph 98.
Note also in the photograph that bronze has been pressed
into the conical area of the end cover contacted by the
spherical thrust washer. The inside diameter of the
flat thrust washer was also scored, as seen in
Photograph 99. Hard contact between the end of the
shaft and the flat washer has scored both parts. The
thrust rollers are badly discolored, as seen in
Photograph 100. Both thrust washers also have heat
discoloration, as seen in Photographs 101 and 102.
Several rough spots were found in the outer race. The
outside diameter of the clamping ring has been con-
tacting the inside of the end cover in this bearing.

The grease in this bearing was contaminated with bronze.
Wear on the end of the bronze cage in the radial bearing
was especially severe, as seen in Photograph 103,

Bronze pickup on the end of the shaft can be seen in
Photograph 104. The boss supporting the thrust bearing
parts is worn. Both of the thrust washers had been
rotating on the boss. Both thrust washers have heat
discoloration, as seen in Photographs 105 and 106. The
thrust rollers are severely discolored, as seen in
Photograph 107. Several rough spots were found in the
outer race,

A piece of rag and bronze were found in the grease in
this bearing. The boss supporting the thrust bearing
has mild wear, as seen in Photograph 108. Bronze can
also be seen pressed into conical surface of the end
cover in the photograph. Heavy contact between the flat
washer and the shaft has caused wear, heat discoloration
and bronze pickup on the shaft, as seen in Photograph
109, and on the washer, as seen in Photograph 110,
Bronze pickup and surface distress on the spherical side
of the spherical washer can be seen in Photograph 111,

A water level was used to check the level between
several pairs of bearings, including TBy and TBg South.
This is a crude method, but the only one available.

Each pair of bearings checked were found to be level by
this method.

The boss supporting the thrust bearing is moderately
worn. The roller side of the flat thrust washer has
heat discoloration and is pitted, as seen in Photograph
112, The pits appear to be typical fatigue degradation.
The shaft side of the flat washer also has discoloration
and surface degradation, as seen in Photograph 113. One
pit was found on a thrust roller. The rollers are
severely discolored, as seen in Photograph 114. Bronze
was found in the grease.
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T83 North -

T84 North -

TBg North -

TBg North -

The boss supporting the thrust bearing is moderately
worn. The thrust rollers and washers all have heat
discoloration. Photograph 115 shows the roller side of
the flat washer. Nine radial rollers were found to have
rough spots. Three rough spots were found on the
bearing surface of the outer race. Bronze was found in
the grease.

The grease in this bearing was heavily contaminated with
bronze. The end of the radial bearing cage is heavily
abraded, as seen in Photograph 116. Several small
casting defects were found in the bronze, One can be
seen in the photograph. Heavy bronze pickup can be seen
on the end of the shaft in Photograph 117. The thrust
rollers are moderately discolored, as seen in Photograph
118, Pits were found on the rolier side of the flat
washer, as seen in Photograph 119. The spherical washer
is heavily stained, as seen in Photograph 120. The
stains do not appear to be heat discolored. They look
like a corrosive liquid may have been splashed on the
part at some some time. Rough spots were found on five
radial rollers with the wire, Five rough spots were
also found on the outer race.

The grease was contaminated with steel and bronze in
this bearing. A1l components in the thrust bearing have
heavy heat discoloration. Photograph 121 is a closeup
of thrust rollers. Photograph 122 shows the roller side
of the flat washer. Photograph 123 shows the roller
side of the spherical washer, The inside diameter of
the flat washer is heavily scored, as seen in Photograph
124, The spherical side of the spherical washer has
surface degradation, as seen in Photograph 125. The
spherical washer has considerable amount of rust and -
light bronze pickup, also, as seen in Photograph 126.
The boss supporting the thrust bearing is moderately
worn. When checked with a wire, rough spots were
detected on the outer race and eight on the rollers.

The grease in this bearing was contaminated with bronze.
The end of the radial bearing bronze cage is moderately
worn. The thrust washers have bronze pickup, numerous
rust spots and moderate heat discoloration. The roller
side of the flat washer can be seen in Photograph 127.
The thrust rollers are moderately discolored, as seen in
Photograph 128, The flat washer has been sliding on the
end of the trunnion shaft. Much bronze has been picked
up on the end of the shaft. It has light wear. Three
rough spots were detected on the outer race and four on
the rollers when checked with a wire. Bearings T85 and
TBg on the North Tower were checked with a water level.
They are as level as can be ascertained by this method.
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TB7 North - Bronze and steel contamination was found in this
bearing. There is no evidence that this bearing has
carried a thrust load through the rollers. The flat
washer slipped off from the end of the boss and wore a
deep groove 1/4 inch wide into the end of the boss. Any
thrust loads the bearing was subjected to have been
transmitted from the trunnion shaft, through the slot
washer, to the boss in the end cover. This is the coun-
terweight sheave shaft that has the trunnion bearings
farthest apart. It would appear that the first time the
thrust was toward TBg, the space between the end of the
trunnion shaft and the boss supporting the thrust
bearing in TBy was great enough to allow the flat washer
to drop off from the end of the boss. The chamfer on
the inside diameter of the flat washer rode on the end
edge of the boss and wore the groove in the boss. With
the flat washer wedged between the shaft and boss, the
sheave assembly supported by TBy and TBg had no end
float available for thermal expansion. The rollers and
thrust washers have much rust., The cover was rotated
180 degrees when reassembled, but the excess space will
permit the flat washer in either TBy or TBg to fall off
from the end of the boss again and start the wear pro-
cess over again. Ten rough spots were detected on the
outer race with a wire and seven spots on the rollers.

TBg North - The grease in this bearing was contaminated with bronze
and steel., The thrust rollers and both washers are
discolored. The roller side of the flat washer can be
seen in Photograph 129 and the rollers in Photograph
130. This thrust bearing has been subjected to heavy
thrust loads, due to a lack of clearance available for
thermal expansion, as explained under TB7 observations.
As a result, the flat washer has been in hard sliding
contact with the end of the trunnion shaft. The degra-
dation on the shaft side of the washer can be seen in
Photograph 131.

Grease samples were taken from each of the sixteen trunnion bearings
and sent to Ana Laboratories for analysis. A copy of each report is
included in Appendix B. Their analysis was that TB» North had iron and
copper "mildly above normal, but acceptable®; TBg and TBg North, plus 7By,
TBgq, TBg, and TBg South with iron and copper “moderately high {abnormal)";
TB7 and TBg Nortg and TBg South with copper "moderately high (abnormal)";
TB1 North, iron and copper "high (abnormal}"; and TB3 and TB4 North iron,
copper and aluminum "high (abnormal)". The source of the aluminum is
unknown, unless some of the bronze cages contained aluminum.

Plumbing

The plumbing in the control house was inspected by George Jackson of
Jackson Plumbing and Heating, Inc., Bourne, Massachusetts. A copy of his
report is contained in Appendix B.
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Basically, the plumbing is in poor condition. There is no working
toilet available to the bridge operators. The lavatory in the control
house is cracked. A four inch sewer drain empties into the canal and the
drain line is cracked. The water heater "appears to be leaking".

The lack of toilet facilities and the drain that empties into the
canal are illegal under Massachusetts State plumbing laws.

Conclusions

The maintenance of machinery on this bridge is good in most areas at
the present time. It would appear that, at times in the past, it was
neglected. The most serious maintenance problem at the present time
appears to be inadequate lubrication of the main counterweight ropes and
the auxiliary counterweight ropes. The machinery driving the span locks
and rail Tocks have all been neglected until recently, but the parts that
had been neglected are now being cared for.

The most frequently neglected items on movable bridge drives are the
fasteners. The first items that must be replaced, due to corrosion are
always the fasteners. This bridge is no exception. Many of the bolts and
nuts in all systems require replacement.

One problem with fasteners is that when a wrench is applied to the
bolt heads and/or nuts, the paint is chipped off. No one ever repaints
them. It would be wise to have a hard and fast rule that anyone that
carries a wrench also must carry a kit to clean and repaint the bolts and
nuts. If not paint, then some other rust preventative coating. Also,
during lubrication, it would be well to look at bolts and nuts on each
piece of machinery. If the person doing the lubricating has a kit
available to him when he notices a fastener that is beginning to corrode,
he can touch it up to stop the corrosion from progressing.

The operation of the span drive machinery has been altered by
holding the cone clutch in the differential in the disengaged position.
The reason for this change should be determined. The span drives do not
operate as they were originally designed to do because of the change. The
machinery operates satisfactorily as now altered, but the original design
is superior, unless some unknown flaw or circumstance made the change
advisable.

The 50 HP emergency motor drives for the operation of the span may
never be used. The emergency generator has sufficient capacity to operate
the span drives at full capacity. However, all of the machinery is
available to operate the bridge at reduced speed with the 50 HP motor if
ever required. The parts should be maintained to keep the drive useable.

The bearing journals on the emergency drive idler gear shafts should
be polished and then protected from corrosion in the event they are needed,
The bearings, motor coupling and motor brake should all be included in the
maintenance procedure to prevent them from deteriorating.

The machinery brakes should not be required to retard the span
while seating, If the buffer cylinders were all functioning properly, it
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would not be necessary to apply the machinery brakes to control closing
speed. Some operators prefer to have one shoe on each machinery brake in
contact with the brake wheel when the brakes are released to help retard
the span. But if the controls are set up properly, the span is properly
balanced, and the buffers are operating properly, no drag brake should be
required.

The buffers on this bridge are not building up adequate pressure.
They are also not piped to obtain a balanced resistance in the two corners
of each end of the bridge. After the buffers have been rehabilitated, the
operation of the span can be improved.

The maintenance of the drive machinery for the span locks and rail
locks has now been improved. The maintenance problem remaining is the pro-
tection of the fasteners.

The counterweight guide T-bars have worn considerably and they need
to be protected to retard further deterioration. The design of the slip-
pers used to guide the main counterweights should be altered to provide a
replaceable bronze insert. Guide wear should be taken into consideration
in the design of the bronze inserts. The bronze will reduce friction be-
tween the guides and the inserts and reduce wear on the guides.

The upper span locks have not been used. for many years. If the
locks on the expansion end of the tower were to be in hard engagement while
the 1ift span went through a substantial temperature change, it is quite
likely that they would be damaged. The upper locks could be positioned so
as to prevent the 1ift span from descending with no power applied in the
event of failure in the system., The bridge must be out of balance and/or
have several brakes in the span drives fail to permit the span to descend
with no power applied. The bridge has operated successfully for many years
without the locks in operation. The cost to reactivate the system may not
be justifiable.

The most serious problems that exist on the Buzzards Bay Bridge are
the deficiencies in the counterweight ropes (main and auxiliary) and in the
counterweight trunnion bearings. These problems must be addressed
promptly.

The degradation of the auxiliary counterweight ropes is such that
they should be replaced as soon as possible. The deterioration of the main
counterweight ropes is not as clear cut. They may very well be in serious
condition also. The corrosion that is apparent in the valleys of the ropes
appears to be two kinds, oxidation corrosion due to water in contact with
the wires instead of oil, and fretting corrosion due to wires in adjacent
strands rubbing together.

The damage to the ropes at the rope guides at the counterweight con-
nection also is serious. The ropes have been weakened due to damage.

The only positive way to determine the loss of strength in the main
counterweight ropes is to take at least one out and test it to destruction.
The rope can then be opened up to see how serious the corrosion damage is
also. However, there is no assurance that the rope selected for test pur-
poses has corrosion damage that is average, one of the best, or one of the
worst.,
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Measures can be taken and should be taken to reduce the rate of
deterioration of the ropes until they are replaced. Restraints can be
designed to substantially reduce the pounding of the ropes against the
upper guides, due to wind induced rope vibration. The ropes need to be
cleaned thoroughly and properly lubricated promptly.

One of two approaches can be followed for the final fix on the main
counterweight ropes. The safest path to follow would be to repliace them as
soon as practical. The second approach would be to select the rope with
the most visible damage, (Rope #6 at the South counterweight seems to be
the 1ikely candidate) replace it with a new rope, then make a decision as
to whether the ropes need to be replaced based on the tests.

The trunnion bearings need to be repaired or replaced promptly.
Torrington's recommendation is to replace all parts with heat
discoloration. The heat necessary to produce the discoloration observed
would also soften the steel substantially. Virtually all parts of thrust
bearings should be replaced.

It would be foolhardy to replace the damaged bearings in kind. The
rep lacements should be bearings that will not necessitate sliding between
parts that will generate heat and create wear.

The radial bearings are not as clear cut a case, since the apparent
damage detected was not visible and not as severe. However, there is no way
that the end float of the radial roller assemblies can be eliminated
without disassembly of the bearings. To disassemble the bearings, the
counterweights must be separately supported, the counterweight ropes
disconnected, and each sheave assembly raised out of the bearings sup-
porting it. If this is done, new bearings should be available when the
bearings are disassembled and the new bearings installed, rather than try
to salvage the existing bearings.

Hopefully new bearings can be provided that will fit into the
existing bearing housings. If tapered roller bearings are used, (such as
shown on the original design drawings) the separate thrust bearings would
be eliminated. Spherical roller bearings could also be used to provide both
the radial and thrust capacity required.

Both the counterweight rope replacement and bearing replacement can

best be done by separately supporting the counterweights. A substantial
amount of money could be saved by doing both jobs at the same time,

Recommendations

1. Institute a program to replace all corroded bolts and/or nuts.
This includes:

a. Assembly bolts on machinery such as:
1., Connecting rods on lock bars
2. Speed reducers

3. Buffer cylinders
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10.

4. Bearing caps

5. Span gquides.
b. Mounting bolts for all machinery components.
¢. Foundation bolts for the lower span machinery.

Clean, polish and protect the bearing journals on the idler gear
shafts for the 50 HP emergency span drives. Include all com-
ponents of the emergency drive in preventive maintenance
program.

Reactivate 1imit switches on all span drive brakes, making sure
that they are properly interlocked in the control circuit.

Replace check valves and pressure regulating valves on all
buffers. Connect pairs of buffers at each end of span and in
each tower with piping and one pressure regulating valve to
equalize pressure in each pair of buffers, Adjust pressure
regulating valve to build up sufficient pressure during seating
of the span to eliminate the necessity of setting the machinery
brakes during seating.

After replacing valves and repiping the buffers, if the proper

pressure cannot be obtained in any cylinder, that cylinder

should be disassembled and rehabilitated as necessary.

Replace Gearset PGi-5G; in both lower span lock drives.

Determine why the clutches in the span drive differential have

been deactivated., Unless some compelling reason is found why

they must be deactivated, they should be reactivated.

Interim procedure:

a. Clean and relubricate all existing main and auxiliary counter-
weight ropes, Use a lubricant that will penetrate the
core of each rope and displace water.

b. Provide vibration limiting devices on counterweight ends of
all counterweight ropes.

€. Remove all debris from area of counterweight rope socket at
attachments to the counterweights.

Replace guides at rope attachments at counterweights.

Provide permanent vibration limiting devices at counterweight
ends of ropes to reduce abrasion between ropes and grooves in
guides.

Replace all main and auxiliary counterweight ropes as soon as
practical.
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11,

12,

13.

Replace counterweight trunnion bearings assemblies. Use
bearings that are dimensionally interchangeable with existing
bearings so that existing bearing housings can be reused.
Replacement bearings should be spherical roller or tapered
roller types that provide both radial and thrust capacity. One
bearing on each trunnion shaft should be fixed and the second
bearing should float to allow for differential thermal
expansion.

Replace the entire plumbing system in the control house, per the
recommendations included in George Jackson's report in Appendix
B.

Redesign counterweight guide slippers to provide bronze slipper
inserts in each slipper.
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TABLE 2 NORTH TOWER
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TABLE 3

PAN DRIVE COMPONENTS
> NORTH TOWER

— e T S~ T e

N I REMARKS o i

A _} Limit switch doesn't actuate. Lining 3/8".0D_of brake wheel not polished._ Gap = 1 3/16"°  _ _ _

_B__{ Lining 3/8". Brake wheel nicely polished. _Limit switch sluggish. Gap = 7/8". __ _ - __ .

E "1 Lining 3/8". OD of brake wheel rusty. Big spaces, shoes to_drum_when released. Gap = 3/4".. _ ——

G _ § Lock nut_on breke shoe adjustment backed off, _Lining 1/2". . Qld_moderate scoring_on brake wheel. Gap=2 1/4"

H__§ OD br_‘ake wheel - one old groove._ Limit switch doesn't actuate. Lining 1/2" & 7/16". Gap = 2 5/18"._ _

Cy.-4 Qpened. - _Inadequate lubrication. . No. other deficiencies found.

_Cg § Opeped - Lubricant. QK. _No_other deficiencies found. _ . _ . ... ... _4

Cg § Opened - Lubricant OK. No other deficiencies found. = = = e - .
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SOUTH TOWER

TABLE 4 BEARINGS
BEARING e SEAEANCE ) ymap REMARKS
B2 .006 018 .010 Clearance s in bottom. _Gear tooth load may be helding shaft up.
Bg -005 -012 -007 Opened - Only 35% contact. —
Big 005 NIL * { NIL }Opened - Journal has minor scoring. 60% contact. o
Biy .005 .014 .009
Bia 005 011 .006
Big .005 005 =* NIL Opened - Good condition. Goaod alignment. 100% contact. .
_Biq. {_.005 .010 005 Opened_- ft poorly aligned with bearing. inor scort n_journal nly 10% ct
Big .005 012 * | .007 Opened - Minor scratching on journal. Poor alignment. 10% contact.
Bi1g .005 015 * | .,010 Opened - Minor scratching on journal and in cap. Poor alignment. 25% contact.
Bog .004 NIL * NIL No significant wear.

CLEARA]

NCES TAKEN WITH A DIAL INDICATOR.
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TABLE 5

l-._\_ e —

SOUTH TOWER

ORI R,

GFAR 1N QUESTION ]H GEAR TOOTH MEASURKHENTS ][ WEAR JL BACKIASH )
[~ - 1 i + T ' T )
:ﬁ@‘\ |§ 2 I d
g", ot e | 8. 2] Present Measurements L2
g o 0 Ao 0 b @
o b o o B o )
o o i g o] .ﬁ e O 8
4+ [O_J' g /] n .o o “ =1 .g
P Bolge Heosa |V - X s
Ay wy | L. & 5 % Position on Tooth OE‘}
g oo je E’ w e 1§& r Measurement Taken o ~
.5 H ,:.i a o 33 g-l :; 1] [s o] E o
o4 Jo IS v £ M . o o P @ i=
bl B8O |88 || afd {83 1€ | B8 31 @
3 ae 13 |4 I3 S8 = EAST § MIDDLE{ WEST kel o e & o)
il
Gs 1.50 120 § 20 Span 17 24.073 | 24.073 “ .062 8.3 1/32
Ps 1.50 19 Span 3 3.653 1.642 3.640 1 3.369 1.9 i
l(_’-;;:ﬁlgst 41715 80 Span { 11 17.891 | 17.824 24 21 .070 8.0 | 1/32
P3-West 1.75 21 Span 3 4.275 4.261 56 55 .020 0.6
Gq-Fast 1.75 80 Span_{ 11 1 17.891 | 17.837 39 40 .054 6.2 3/64
Pa-East 1.75 21 Span 3 4,275 4.255 54 59 i .023 1.3 ﬂ
Ry 2.25 | 280 Chordal 1125 1 1.105 11 12 .020 0.2 3/64
PyD 2,25 19 Span 3 5.476 5.419 5.419 5.419 .057 5.1 J
Ry 2.25 | 280 Chordal 1.125 1.108 12 09 “ .016 1.4 3/64
]
P;C 2.25 | 19 Span 3 5.476 5.416 | 5.419 5.421 I .060 5.3 _H
R9 2.25 | 280 Chordal 1.125 1.132 34 { 29 L NIL t 132
PyB 2.25 i9 Span 3 5.476 § 5425 | 5.425 5,423 | 053 4.7
R3 2.25 { 280 Chordal 1.125 1.111 12 12 .014 1.2 3/64
| PA 2.25 194 4 Span 3 5.476 | 5420 [ 5.424 5.428 I! .056 5.0
f% _ | %{
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TABLE 6

SPAN DRIVE COMPONENTS

| __PART_
| NAME §

BRAKE

SOUTH TOWER

E:u:

@)

¢ _Limit jmtcmWram_Thmﬂ.jlmmm QK. . Dtmmt _.well polished, but s

4 Brake shoes in_firm contact _Wwith _drum,_

Gap = 1 1/2".

{For emerge ney motor not currently in _peratno_) _Fluid level | OK. Drum rust;L,

p__int
__in good contact with drum.

_Drum well pol'ishéd
___brake released manuallL _{Limit_switeh _inoperable.) Thruster_ overfilled with_fluid.

Limit_ sw1tch _moves, but operation questionable. Drum _nicely polished.

_Opened. - Inadequate_lubricant.

. Fluid level overfull, Gap =

— s REMARKS _ . e e e _
_Shoes are in firm eontact. Limit switeh inoperable, Thruster fluid O OK. Gap =1 5/8".

mooth, _ No_signs_of distress. |

on it._

h. _Gap = 15/16",

lelt switeh for hand release doesn't trip. wheng

_Gap =2 1/4" __

_Opened_- Lubricant QK. _No ather. deﬂclencles.found. e

—~Opened - Lubricant .QK. . No.other deficiencies found. _ e —— !
O e ; -.1}
— e —— —————— ——— — ———— ——— R

e P U U

_South shoe not__

2 5/16".

-
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TABLE 7

LOWER SPAN LOCK

NORTH

PM._{:L..L_ T T T T T T T T s e S e s m e m
vave fe o JREWARKS
E {  _j_ Mounting bracket severely corroded. =~ _  __ _ . ___
MOTOR _ o
CQUELINGE — ,AO,geneQ:..ALl_-_in_t_er'_ngl_.p&r__t_S-_hQaVi_ly.QQI‘J'.OQtide. _No lubricant present. Grid fractured. = - I
REDUCER{ . __} Opened -_Oil in housing heavily contaminated. Much foreign matter and sludge in bottom of heusing and in
- .} ¥__oil passages. - Seal leaks oninput shaft.
PINION §{PGy. _Teatn__gmbgm gears_have experienced severe loss of metal due to corrosion, S
GEAR {8G; |} Was not being lubricated until recently. A S ;
BEARING) Bj | Clearance .008". . _ . .. ._ S
BEARING{ Bo ] Clearance .012". Nuts on cap bolts heavily corroded. ~
BEARING) B3 { Clearance .012". . _ ... __ .
CONNECT : ; :
_ROD__% 14 {Bolts and nuts used ta attach clevis at _each end heayvily corroded. - . . __ .
CROGCH 15 1Bolts and nuts used to_attach clevis at each end heavily corroded.
__PIN _§ Py [Clearance .009™ _ . _ o ]
PIN_ § Pg g Clearance .007". _ - S e R - B}
PIN _§P3 {Clearance .010". ]
PIN §Pg jClearance O10". e
T D T e
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TABLE 8

LOWER SPAN LOCK
SOUTH

B i o R R L s B T e gt S e

b= .

MOTOR

_.PART
| name_§

BRAKE §.
{COUPLING.

§-Opened - All parts heavily corroded. _No_lube. _ .

REMARKS

L

—Mounting bracket severely corroded.

_Opened - Oil heavily contaminated.  Bottom of reducer housing_and oil passages full of debris and sludge. .

Pinion and gear both experienced heavy loss of metal due to_corrosion. Was not being lubricated until recently:
_Span_over 7 teeth 9.440" at south end. Loss of +103" on tooth thickness or 13.8%

_Nuts on_mounting bolts severely corroded.

EARING] ‘B § Nuts on cap bolts severely corroded. B ,h_ﬁ__‘_.m,_j_- ﬁ _ j
EARING{ B3 2 Nuts on cap bolts severely corroded. Head on mounting bolt severely corroded. o o }
PROB7Y 11 {Bolts and nuts attaching east clevis moderately corroded. ]
RO ~{ L2 4§ Bolts attaching west_clevis heavily _co_rrgdsecl-__L,Pipe_hé_avily__cgrzq_Cleﬁd-_-__ e
. LPIN & Py @& e e
PIN P2 e
PIN 1 . e R _ ]
. PIN. § Py T e e e e e e e e Y
SOCREF| Lp1 { Anchor bolts heavily corroded. e i i
CASTINGY) LPp | Anchor bolts and nuts heavily eorroded. T Ty
e
. et e




COUNTERWEIGHT ROPES VIBRATION TEST
TABLE 9 NORTH TOWER

| ARt | . T N ‘ )
NAME § # §SECONDS FOR 30 VIBRATIONS -
WIRE WIRE
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b s R23.5%_ e
i §20 418 - - ~—-.* DIFFERENCE BETWEEN TWQ ENDS OF LIFT SPAN IS
ot b2t .42 0 L 92.4 - 92.2 = .2 VIB/MINUTE OR 0.2%
o4 fe2 2 o » MAXIMUM DIFFERENCE IN TENSION = 52.5% )
. 23 20 .
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TABLE 10

COUNTERWEIGHT ROPES VIBRATION TEST
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1 92.4 - 92.2 = .2 VIB/MINUTE OR 0.2%

,‘ MAXIMUM DIFFERENCE IN TENSION = 67.4%
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PART V-6 - INSTRUMENTATION INVESTIGATIONS

The Consultant engaged the services of two sub-consultants spe-
cialized in their field to perform two separate investigations on the
structure. The first performed non-destructive testing on several connec-
tions of the 1lift span and approach spans and the second recorded and ana-
lyzed vibration measurements on the 1ift span and towers. The results of
these investigations are presented herein.

Non-Destructive Testing

Two typical floorbeam connections on the T1ift span and one stringer
connection in each approach span were examined by magnetic particle inspec-
tion for possible fatigue cracks or other metalwork defects. Inspection
and maintenance experience with railroad bridges has revealed fatigue
problems at floorbeam and stringer connections. The west truss floorbeam
connection at Panel Point 3 and the east truss floorbeam connection at
Panel Point 8 were tested in the 1ift span. The two remaining checks were
made at the east stringer connection and the west stringer connection at
Panel Point 4 of the respective north and south approach spans. These two
stringer connections were selected because of the maximum impact of
loadings moving from the approaches onto the spans.

A1l the connections were prepared for testing by removing the finish
paint cover and most of the primer with a burning torch or power brush.
The top 18 inches of the fillets and both legs of the connection angles
were cleaned. At the floorbeam connections, an additional area one foot
high above the top of the floorbeam was cleaned on the gusset plate.

A portable electric magnaflux machine with gray iron particles was
utilized for the testing (see Photographs II-52 and 53). The angles, plates
and rivets of all the connections are in good structural condition. A
minor defect was noted in the fillet of the west stringer connection angle
at Panel Point 4 of the south approach span (see Photograph II-54), A 6 to
7 inch long linear indication was detected in the fillet as shown in
Photograph I-35). The separation appeared to be only a small overlap or
build-up of metal created during rolling of the angle. There was no indi-
cations of relative movement along the surfaces of the crack, or rust
emitting as is common in a fatigue crack. No repairs are required. The
metalwork of all the connections was prime and finish coated with paint
shortly after the testing. The subconsultant's report for the non-
destructive testing is included as Appendix C of this report.
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Photograph I-35 - Minor
imperfection in fillet of
west stringer connection
angle at Panel Point 4,
south approach span.

Vibration Measurements

Vibration measurements were recorded on the bridge at Panel Points
L3', L9, and L3 on the 1ift span on June 6 and 7, 1984. Measurements were
recorded on June 6, 1984 during the crossing of a coal train and on June 7,
1984 during the crossing of two passenger trains.

Vibrations induced on the north and south towers as a result of
raising and/or lowering the 1lift span were also recorded.

The vibration measurements were recorded at the same locations as
the measurements recorded on September 7 and 8, 1971 during a previous
inspection. The 1971 and the 1984 measurements are compared in this
report.

As in the 1971 study, vibration measurements were recorded using
Sprengnether Instrument Company's portable Engineering Seismographs. The
instruments measured three orthogonal components (2 horizontal and 1
vertical). Three instruments were used for the study. Two of the instru-
ments recorded displacement and the third instrument recorded velocity. As
in the 1971 study, the instruments were placed directly on the top flange
of the floorbeams outside the walkway at the three panel points. For the
tower measurements, the instruments were placed directly on the concrete
floor in the machinery room at each tower top.
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Maximum displacements and their corresponding frequencies at the
five recording loccations are as follows:

Panel Point L3'

Displacement (IN) Frequency (HZ)
0.01-0.02 Longitudinal 1-2
0.01-0.02 Transverse 1-3
0.03-0.04 Vertical 1-2
Panel Point L9
Displacement (IN) Frequency (HZ)
0.008-0.009 Longitudinal 1-2
0.02-0.03 Transverse 1.2
0.02-0,03 Vertical 1-2
Panel Point L3
Displacement (IN) Frequency (HZ)
0.001-0,002 Longitudinal 8-10
0.005-0.006 Transverse 4-5
0.003-0.006 Vertical 7-8
North Tower
Displacement (IN) Frequency (HZ)
.005-,006 Longitudinal 3-4
.02-.03 Transverse 1.2
002-.003 Vertical 2-3
South Tower
Displacement (IN) Frequency (HZ)
0.03-0.04 Longitudinal 0.7-0.8
0.01-0.02 Transverse 1-2
0.005-0.006 Vertical 1-2

A1l of the aforelisted maximum displacements are very small and well
within the allowable deflections permitted by the American Railway
Engineering Association Specifications for Steel Railway Bridges. As was
also concluded in the 1971 report, the 1ift span and the towers are very
stiff structures. The recorded displacements of the 1ift span during the
crossing of trains and recorded displacements of the towers during the
raising and lowering of the 1ift span are inconsequential, and should be of
no concern to the U. S. Army Corps of Engineers or the current users of the
bridge.
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It is noted that Weston Gegphysical Corporaticn re-examined and re-
interpreted their 1971 peak displacement values at Panel Point L9 on the
1ift span and at the top of the south tower. The re-interpreted displace-
ments are in closer agreement with the displacements recorded for this
inspection report.

The complete text of the Weston Geophysical Corporation's report is
included as Appendix D of this report.
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PART V-7 - EVALUATION OF LOADS AND STRESSES

Loading
Dead Load

The Inspection and Condition Report dated January, 1972 stated that
there have been only small increases in the dead load since the construc-
tion of the bridge. The rating stresses calculated for that report
reflected very small increases in dead load. The increase in dead load
resulted in increases of chord dead load stresses between .4% and .5%.

During the field inspection performed between April 30 and May 18,
1984, no significant modifications were observed to have been made on the
bridge that would result in increases in dead loading over that cited in
the January, 1972 Condition and Inspection Report. It was noted that NASA
experimental equipment, reported to be added to the 1ift span trusses in
the January, 1972 Condition and Inspection Report, has been removed.

Live Load

The original design was made for a Cooper E60 railroad live loading
and a 14 inch railway artillery, as shown on the original Tift span stress
sheet. The January, 1972 Condition and Inspection Report stated that the
bridge was subjected, at that time, to a maximum live loading of Cooper
E35, without hammer blow. Investigation of the use of the bridge reveals
that the bridge is now subjected to live loadings greater than Cooper E35.

Mr. Michael Schmidt of the Bay Colony Railroad Corporation provided
the following information regarding their freight operations.

The Bay Colony Railroad Corporation currently runs two loaded
freight trains per week to the Cape and two empty freight trains per week
from the Cape. The railroad logs reveal that the yearly average number of
freight cars per train is eight. Most of the freight cars are loaded with
lumber, coal, liquefied petroleum gas (LPG) and packaging plastic. The
gross weight of these freight cars is:

Lumber Car - 190,000 1bs.
LPG Tank Car - 190,000 1bs.
Coal Hopper Car - 240,000 1lbs.

The freight cars carrying packaging plastic have a gross weight of
only slightly more than their tare weight. One hundred to one hundred and
twenty (100-120) coal carrying hopper cars per year are delivered to Otis
Air Force Base. The coal trains average 10 hopper cars per train and are
pulled over the bridge at a speed of 5 miles per hour (see Photograph
1-36}. Coal is delivered to Otis Air Force Base during the spring of the
year with additional shipments, if required, delivered during autumn
months.
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Photograph I1-36 - Coal
train crossing span.

The summarized shipping information translates into an average of
10-12 loaded coal trains per year. Of a total of 104 loaded freight trains
per year, the loaded coal trains represent only 9.6% to 11.5%, or an
average of 10% of the loaded freight trains crossing the bridge. The cars
used to carry coal are similar to Southern Railway System Standard Hopper
Car Number 352622 with a gross weight of 263,000 pounds. This information
was provided by Mr. Reed H. Potter of the Maine Central Railroad Company.
Mr. Potter served as a private consultant to the Bay Colony Railroad
Corporation. The coupler-to-coupler length, and axle spacing for the
hopper car are shown in Figure 7-1. (Dimensions obtained via telephone
from Southern Railway Systems.)
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Mr. Schmidt also stated that the Bay Colony Railroad Corporation
currently owns and operates one Alco S2 and five Alco S4 diesel-electric
locomotives. The gross weight of these locomotives varies from 115 to 125
tons. Figure 7-1 shows the axle loads and axle spacing for these
locomotives.

The Cape Cod and Hyannis Railroad, Inc. currently runs eight trains
daily over the bridge between mid-April and October. Mr. Peter Verges of
the Cape Cod and Hyannis Railroad, Inc. stated that the Railroad currently
owns and operates two GP9's and one Alco S3 diesel-electrical locomotives.
These locomotives are used primarily to move passenger cars, which have an
average gross weight between 70 and 90 tons. The passenger cars are 79
feet iong between couplers and are supported on two 3 axle trucks.

Wind Load

The original design wind loads were in accordance with the 1931 AREA
General Specifications for Steel Railway Bridges and the 1922 AREA
Specifications for Movable Bridges. For the January, 1972 Condition and
Inspection Report, the bridge was anaiyzed in accordance with the 1970 AREA
Specifications for Steel Railway Bridges. For this report, the bridge was
not reanalyzed for wind loading, because the design criteria for wind
loading specified in the current 1983 AREA Specifications for Steel
Structures is not significantly different from the criteria for wind
loading specified in the 1970 AREA Specifications for Steel Railway
Bridges.

Stresses

The original design allowable stresses were in accordance with the
1931 AREA General Specifications for Steel Railway Bridges and the 1922
AREA Specifications for Movable Bridges. For the January, 1972 Condition
and Inspection Report, the stresses were reviewed on the basis of the 1970
AREA Specifications for Steel Railway Bridges.

For strength analysis and rating, there is no significant difference
between the 1970 AREA Specifications for Steel Railway Bridges and the
current 1983 AREA Specifications for Steel Structures. However, one of the
significant differences between the two specifications is the fatigue
requirements for members and connections subjected to repeated fluctuations
of stress. This report includes a fatigue analysis of the members sub-
jected to repeated fluctuations of stress in accordance with Chapter 15,
Part 1, Article 1.3.13 - Fatigue; and Part 7, Article 7.3.4.2 - Fatique, of
the 1983 AREA Specificatians.

Analysis

This report presents the results of an analysis of the bridge for
current design ioads in accordance with the 1983 AREA Specifications for
Steel Structures.

The bridge members have been rated in accordance with Chapter 15,
Part 7 - Existing Bridges, Section 7.3 - Rating. For the rating, the ori-
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ginal dead load member forces were used. The differences between the ori-
ginal dead load member forces and the current dead load member forces is
pendantic and thus, inconsequential to the rating of the bridge as a whole.
The members have been rated for both full impact and in accordance with
Article 1.3.5 and reduce impact load in accordance with Article 7.3.3.3 for
a speed of 10 MPH.

Fatique stress ranges have been computed for all members subjected
to repeated fluctuations of stress, due to live loading. Stress ranges
have been computed for members for the following live loads:

1. Cooper E80

2. Cooper E&0

3. Cooper E35

4. Bay Colony Railroad Typical Train with full impact (see Figure 7-2)

5. Bay Colony Railroad Typical Train with reduced impact - 10 mph

6. Bay Colony Railroad Coal Train with full impact (see Figure 7-3)

/. Bay Colony Railroad Coal Train with reduced impact - 10 MPH
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Fatigue Strength

The major factors governing fatigue strength are number of stress
cycles, the magnitude of the stress range and the type and Tocation of
constructional details, Each of these three items as they relate to the
Buzzards Bay Railroad Bridge are herein discussed.

Stress Cycles

In the absence of traffic surveys or other information, the number
of constant stress cycles, N to be considered for the design and analysis
of railroad bridges is selected from Table 1.3.13A of the 1983 AREA
Specifications. The number of constant stress cycles subsequently deter-
mine the allowable fatigue stress range for members and connections as
shown in Table 1.3.13A - Other than Fracture Critical Members and Table
1.14.11 - Fracture Critical Members. The parameters used to develop Tables
1.3.13A and 1.3.13 are shown in Table 9.1.13A and reflect traffic densities
that greatly exceed past, existing and projected traffic densities for the
Buzzards Bay Railroad Bridge. Table 9.13.13A assumes 60 daily trains and
each train averages 60 load units (cars or engines).

In the absence of traffic surveys for the Buzzards Bay Railroad
Bridge, past traffic densities may be related to number of 1ift span
closings (lowerings). The lift span was put into operation on December 27,
1935. As of Jdune 13, 1984, the bridge operator's log recorded that the
1ift span had been lowered 136,514 times. If it assumed that 20% of these
lowerings were for maintenance, approximately 109,217 trains have trans-
versed the 1ift span since its opening. Over this 48.5 year period, the
traffic density averaged 6.2 trains per day, which is approximately one-
tenth of the daily traffic of 60 trains per day listed in Table 9.1.3.13A.

Existing traffic densities may be computed using information pre-
viously discussed.

Freight Trains Per Day

2 Trains per Week x 2 Crossings/7 Days = 0.57 Trains

Passenger Trains Per Day

4 Trains per Day x 2 Crossings x 200 Days/365 4,38 Trains

Total Daily Trains (Crossings) = 4,95

This existing average daily traffic is one-twelfth of daily traffic
listed in Table 9.1.3.13A. Also, existing freight trains average only 12
load units per train versus 60 load units specified in Table 9.1.3.13A.

Considering the geography, demography, recreational/tourism
interests, and the two automotive vehicular alternative accesses to Cape
Cod, it is highly improbable that train traffic to Cape Cod will increase
significantly. If there would be any increase, it would be an increase in
the number of passenger trains, rather than an increase in freight trains.
For purposes of this report, it is assumed that future traffic density over
the Buzzards Bay Railroad Bridge will be identical to the existing traffic
density of 4.95 trains per day.
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Using the aforementioned traffic densities modified numbers of
occurrences of constant stress cycles N which would cause fatigue damage
equivalent to the fatigue damage caused by a larger number of variable
stress cycles, resulting from actual traffic densities is computed. The
modified constant stress cycles are computed for an assumed 100 year bridge
1ife to year 2035. For a bridge life of 100 years, the assumed number of
trains is:

Period Years Trains/Day Total Trains

1935-1984 48.5 7 123,918

1984-2035 _51,5 5 93,988
100.0 217,906

Say 220,000

MODIFIED AREA TABLE 9.1.3.13A PARAMETERS - BUZZARDS BAY RAILROAD BRIDGE

Stress
Trains Cycles
Member Span Length in per Ny N/ Ny N
Classification Track Load 100 Years Train
Truss Chord Members L >100' 220,000 2 440,000 0.045 20,000
Stringers 50" > L >30 220,000 128 2,640,000 0.081 220,000
Truss Web Members 1 Track Loaded 220,000 2 440,000 0.113 50,000
Floorbeams and Hangers 1 Track Loaded 220,000 123 2,640,000 0.097 260,000

2 Based on one cycle per car or engine for modified train averaging 12 load units. See Figures
7-4, 7-5 and 7-6 for plot of stress fluctuation in stringers, hangers and floorbeams,

N/N, Ratio used in AREA Table 9,1.3.13A. A conservative ratio that is used for simplicity of
computations.
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BUZZARDS BAY RAILROAD LIFT BRIDGE

LIFT SPAN FATIGUE STRESS RANGE (KSI)

ESQ E6O E35 BCRR-Typical BCRR-Coal Allowable
Member Full Full  Full FuTl Red Full Red AREA  Modified
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Stringers 21.5 16.1 9.4 10.
Floorbeams 21.3 16.0 9.3

o o
~1 M

BCRR - Denotes Bay Colony Railroad

Full - Denctes stress range, inciuding live load with impact applied in accordance
with AREA Article 1.3.5.

Red - Denotes stress range, including live load with impact applied in accordance
with AREA Article 1.3.5, but reduced for a speed of 10 mph in accordance
with AREA Article 7.3.3.3.

Stresses for hangers are for combined axial tension and bending.
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BUZZARDS BAY RAILROAD LIFT BRIDGE

TOWER SPAN FATIGUE STRESS RANGE (KSI)

E80 E60 E35 BCRR-Typical BCRR-Coal Allowable

Member Full Full Full Full Red Full Red AREA Modified
uo-ul - - - - - - - - -
ul-u2 - - - - - - - - -
u2-u3 - - - - - - - - -
u3-u4 - - - - - - - - -
LO-L1 3.3 2.5 1.4 - - 1.8 1.6 20 37
L1-12 5.1 3.8 2.2 - - 2.8 2.4 20 37
£2-L3 6.0 4.5 2.6 - - 3.3 2.9 20 37
L3-L4 4.4 3.3 1.9 - - 2.5 2.1 20 37
uo-L1 4.7 3.6 2.1 - - 2.7 2.3 14 28
LO-Ul - - - - - - - - -
yl-L2 6.1 4.5 - - - 3.2 - 14 28
L1-y2 5.0 3.7 2.2 - - 2.5 2.2 14 28
u2-13 - - - - - - - - -
L2-u3 5.7 4.3 2.5 - - 3.2 2.8 14 28
u3-1.4 - - - - - - - - -
L3-u4 7.0 5.2 3.1 - - 3.9 3.4 14 28
Uo-Lo - - - - - - - -
ul-L1 - - - - - - - - -
u2-L2 3.7 2.8 1.6 - - 2.1 1.8 14 28
U3-L3 4.0 3.0 1.7 - - 2.4 2.0 14 28
u4-L4 - - - - - - - - -
Stringers 22.2 16.7 9.7 - - 14,7 11.7 10 21
Floorbeams 21.7 16.3 9.5 - - 12.4 9.7 7 19

BCRR -~ Denotes Bay Colony Railroad

Full - Denotes stress range, including live load with impact applied in accordance
with AREA Article 1.3.5.

Red - Denotes stress range, including live load with impact applied in accordance

with AREA Article 1.3.5, but reduced for a speed of 10 mph in accordance
with AREA Article 7.3.3.3.

-155-



BUZZARDS BAY RAILROAD LIFT BRIDGE

LIFT SPAN COOPER E RATING

Fatigue Rating

Member Strength Rating AREA Modified
uo-u2 202 - -
uz2-ud 112 - -
Ud-ué 114 - -
u6-U8 114 - -
U8-ug 114 - -
L1-L3 115 111 206
L3-L5 112 111 205
L5-L7 114 113 209
L7-L9 113 112 208
uo-L1 95 68 136
L1-u2 86 - -
u2-13 97 63 125
L3-U4 84 - -
U4-15 102 53 106
L5-Ué 81 - -
U6-L7 110 43 85
L7-U8 118 55 111
Ug-L9 135 47 94
Uo-L0 1009 - -
ul-L1 - - -
u3-L3 - -
Us-L.5 - - -
y7-L7 - - -
Ug-L9 - - -
y2-L2 112 38 105
U4-L4 112 38 105
Ug-L6 112 38 105
Us-L8 112 38 105
Stringers 112 37 78
Floorbeams 109 25 70
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BUZZARDS BAY RAILROAD LIFT BRIDGE

TOWER SPAN COOPER E RATING

Fatigue Rating

Member Strength Rating AREA Modified
u0-ul 502 - -
ul-yz 237 - -
y2-u3 199 - -
y3-us4 600 - -
LO-L1 461 >80 >80
L1-L2 274 >80 >80
L2-L3 246 >80 >80
L3-L4 379 >80 >80
Uo-L1 288 >80 >80
Lo-U1 281 - -
Ul-L2 423 : >80 >80
L1-U2 605 >80 >80
Uz2-L3 439 - -
L2-U3 293 >80 >80
Uu3-L4 195 - -
L3-U4 216 >80 >80
uo-L0 4,944 - -
y1-L1 24,733 - -
yz-L2 564 >80 >80
U3-L3 473 >80 >80
U4-L4 360 - -
Stringers 8l 36 75
Floorbeams 80 25 70
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Constructional Details

A1l of the members investigated for fatigue stresses on the Buzzards
Bay Railroad Bridge are ¢lassified under the General Condition -
Mechanically Fastened Connections, and under the Situation - Base Metal at
Net Section of Riveted Connections, and thus are subjected to the require-
ments of Stress Category D.

Stress Range

The modified allowable fatigue stress range for the modified number
of constant stress cycles, N for Stress Category D are computed by straight
line interpolation (extrapolation) between allowable fatigue stress range
values for 150,000 and 2,000,000 constant stress cycles. Modified values
are computed for other than fracture-critical members and for fracture-
critical members. The modified allowable fatigue stress range values for
the Buzzards Bay Railroad Bridge are:

Modified Allowable Fatigue Stress Range

Other Than Fracture-Critical/Fracture-Critical
Modified Number of Constant Stress Cycles, N

Stress ,
Category 20,000 50!000 2202000 2602000
D 47 /37 34/28 19/16 21/17

A comparison of the modified allowable fatigue stress ranges with the
actual member stress ranges shown on Pages 154 and 155 and reveal that all
of the actual member stress ranges for all seven loading cases are less
than the modified allowables, except for 12.1% and 14.2% overstresses,
respectively, in the lift and tower span intermediate floorbeams; and 2.4%
and 5.7% overstresses, respectively, in the 1ift and lower span stringers,
due to Cooper E80 loading. These overstresses are of academic interest
only since the bridge was designed only for Cooper E60 loading and
currently rates Cooper E80 based on strength criteria and Cooper E70 based
on modified fatigue criteria.

Summary and Recommendations

The ratings of the lift and tower span members were determined for
both strength and fatigue requirements in accordance with Article 7.3 -
Rating, of the 1983 AREA Specifications. The ratings for the bridge, based
on strength and modified fatigue requirements, respectively, are Cooper E80
and Cooper E70, These values are the ratings for the tower span inter-
mediate floorbeams.

The Cooper E70 rating is based on modified allowable fatigue stress
ranges, using past and projected traffic records, assuming a 100-year life
for the Buzzards Bay Railroad Bridge.

The maximum live loading that the bridge is currently subjected to
is the Bay Colony Railroad coal train, which produces stresses in the
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stringers equivalent to a Cooper E53 loading. The Bay Colony Railroad
typical train produces stresses in the stringers equivalent to a Cooper E4Q
loading. The 125 ton Alco diesel-electric locomotives, operated by both
the Bay Colony Railroad and the Hyannis and Cape Cod Rajlroad produce
stresses in the floorbeams equivalent to a Cooper E40 loading.

Thus, the current freight trains pulled by Alco 125 ton locomotives
produce stresses in the floor system members equivalent to Cooper Series
Live Loadings between E40 and E53, which are less than the aforementioned
modified fatijgue based Cooper E70 rating for the bridge. Also, the equiva-
lent Cooper E53 live load loading produced by the Bay Colony Railroad coal
train represents only 0.7 percent of trains that annually traverse the
bridge. Because of relative low equivalent Cooper E Series 1ive loadings
between E40 and E53, and very low traffic density, the Buzzards Bay
Railroad Bridge has a projected fatigue life of 100 or more years. This
life is based on the fatigue lives of the hangers, stringers and
fioorbeams, assuming no significant member section loss or other
deficiencies.

We concur with the recommendations made in the January, 1972
Inspection and Condition Report that the 1ift span be lowered to "emergency
position”, with its lower chord approximately aligned with the tower span
top chords when the intensity of a storm is such that it is necessary to
close the channel to shipping. _

To facilitate future fatigue studies, it is recommended that compre-
hensive traffic records be maintained. The traffic data should include
number of trains, types of trains, and number of locomotives and cars per

train.
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SUMMARY OF RECOMMENDATIONS AND COSTS




PART V-8 ~ SUMMARY OF RECOMMENDATIONS AND COSTS

A summary of the recommended repairs and their estimated costs is
presented in this Part. In accordance with the agreement, this information
is presented in tabular form. Priority ratings are shown for each repair,
and the estimated costs are separated into labor and materials. Where a
repair recommendation involves work which is not extensive enough to
require the services of an outside contractor, it is noted for performance
by the normal maintenance personnel assigned to the bridge and no labor
cost has been estimated.

The total cost of labor and materials to execute all of the recom-
mendations is estimated to be approximately $3,877,000 above normal main-
tenance costs. The major portion of these costs result from the
recommendations for a major overhaul and replacement of the main counter-
weight ropes, the counterweight trunnion bearings, and providing for per-
manent cabTe vibration eliminating devices.

The second most costly item is the recommended replacement of the
electrical control system. Another high cost item is the cleaning and
repainting of the steel superstructure.

0f all the foregoing major repair items, it is essential that the
mechanical equipment, including the counterweight ropes, the counterweight
trunnion bearings and the cable vibration limiting devices be recognized as
critical to the continued safe operation of the 1ift span. Aside from
several relatively low cost priority items related to life safety, the
recommendation for the replacement of the electrical control system should
next be addressed and undertaken as a priority item. Also, the remaining
recommended repairs to the machinery should be scheduled to be performed
concurrently with the replacement of the electrical control system.

The estimated costs are based on current prices, and do not include

any allowance for administration or engineering inspection of the repair
work .

-160-
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Location

SUBSTRUCTURE

Buzzards Bay Railroad Lift Bridge over Cape Cod Canal

Summary of Recommendations and Costs

Report Page

Repairs Recommended

Reference

Repair
Priority

Estimated Costs

Labor

Materials

Total

Backstay Anchorages

1.

Replace two bolts and tighten a
third fastener in the northeast
anchorage metalwork. Replace a
similar fastener at the southeast
anchorage.

Trim vegetation at all units and
remove debris from pit at northeast
anchorage.

Thoroughly sandblast clean and
paint metalwork.

Abutments

4.

Replace the displaced and cracked
mortar fili around the center bearing
base plate on Abutment A,

Clean granite facing joints of loose
mortar and replace about 6 and 4
linear feet of missing pointing at
Abutments A and D, respectively.

Replace the two steel support brackets
attached to the coping of Abutment D.

Piers

7.

Repair spalled and unsound concrete
areas on the horizontal and vertical
surfaces of the pier copings.

14

14

14

15

15

15

15

70

150

100

200

180

200

750

40

40

60

50

60

250

100

190

140

230

260

1,000



Location

SUBSTRUCTURE
{Continued)

=291~

Summary of Recommendations and Costs {Continued)

Repairs Recommended

Piers (Continued)

8.

10.

Clean granite facing joints of
loose mortar and replace about
62 and 50 linear feet of missing
pointing at Piers B and C,
respectively.

Burn off the three sections of
sheet piling at the channel
bottom at the southeast corner
of Pier B.

Replace the lock bars and eye-bolt
anchors for the corrugated covers
over the submarine ducts in both
piers.

Surveys

11.

12.

Establish new horizontal control
Monuments AE and AW on the south
side of the channel.

Continue periodic alignment,
elevation and sounding checks for
the bridge substructure,

Report Page Repair Estimated Costs

Reference Priority Labor Materials Total
15 2 300 450 1,350
15 3 2,500 800 3,300
15 3 450 200 650
15 3 575 225 800
15 - - - -
SUBSTRUCTURE TOTAL § 6,075 § 2,205 § 8,280
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Location

SUPERSTRUCTURE

Lift Span

Summary of Recommendations and Costs {Continued)

Report Page Repair Estimated Costs
Repairs Recommended Reference Priority Labor Materials Total

General

1. Cleaning and painting of the span
is recommended within the next
five years. A thorough sandblast
cleaning should be specified at
areas of corrosion, lamination
and packed rust on members and
joints. 30 2 $ 93,000 § 76,000 $169,000

2. Replace the truss and sway frame
lacing bars listed on Table 2-1. 30 2 7,850 7,870 15,720

8earings

3. Remove the graphite compound from
the non-contact surfaces of the
bearings, centering devices and
span lock assemblies. Remove all
corrosion from the steel surfaces
and apply paint to the surfaces not
in bearing and lubricant at the
contact surfaces. 30 2 490 220 710

4. Replace a total of 40 fasteners
connecting the upper shoes of the
fixed and expansion bearings to the
trusses. Replace a total of 64
fasteners in the upper shoes of the
truss centering castings. 30 2 5,890 3,090 8,980

5. Provide an outlet for trapped
moisture in the lower shoes of the
fixed castings. 30 2 980 350 1,330
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Location

SUPERSTRUCTURE

Lift Span
{Continued)

6.

Top

Summary of Recommendations and Costs (Continued)

Repairs Recommended

Trusses

Trim the interior edge of the
upper flange angle and cover
plate at Panel Point UQ, east
and west trusses, and Panel
Point UQ', west truss.

Replace a missing bolt in the
upper stay plate on the north
side of the vertical at Panel
Point U4, east truss, and two
bolts in the upper stay plate

on the south side of the vertical
at Panel Point U4', west truss.

Lateral and Sway Frame Bracing

Replace a missing bolt in the
lateral bracing connection at
Panel Point U5', west truss.
The fastener is missing on the
north side of the strut.

Replace the following sway frame
bracing angles:

a) Panel Point 2 - The upper
north angle on Member KF and
the lower north angle on
Member GC.

b) Panel Point 8' - The lower
north angle on Member KG.

c¢) Panel Point 2' - The upper
north angle on Member KF,

Report Page Repair Estimated Costs
Reference Priority Labor Materials Total
31 1 1,470 530 2,000
31 2 245 95 340
31 2 80 30 110
31 2 1,230 860 2090
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Summary of Recommendations and Costs (Continued)

Report Page Repair Estimated Costs
Location Repairs Recommended Reference Priority Labor Materials Total

SUPERSTRUCTURE  Top Lateral and Sway Frame Bracing
(Continued}

Lift Span
{Continued) 10. Remove the counterweight rope
take-up bars from the bottom
flange of the lifting girders
during replacement of the ropes,
and thoroughly sandblast clean
and paint the 1ifting girder webs
and lower flanges and the take-up
bars., 31 2 1,960 1,210 3,170

11. Replace two deteriorated fasteners
nuts for the east counterweight
rope guide casting on the south
side of the 1ifting girder at
Panel Point UO. 31 2 80 30 110

12. Provide drain holes in the upturned
angle on the tower side of the end
portal strut at Panel Points U0 and
uo'. 31 2 250 50 340

Floor System and Lower Lateral Bracing
(Locations of Members and Joints are
shown on Figure 2-4}

13. Replace deteriorated rivets in the
bottom flanges of the following
floorbeams :

a) Panel Point 7 - One rivet in the
north flange on the outboard side
of the west stringer.



=991~

Location
SUPERSTRUCTURE

Lift Span
(Continued)

Summary of Recommendations and Costs (Continued)

Repairs Recommended

Fioor System and Lower Lateral Bracing

[Locations of Members and Joints are
shown on Figure 2-4) (Continued)

14.

b}

Panel Point 7' - Two rivets in
the north flange, one below
the west stringer and one on
the outboard side of the east
stringer,

Panel Point 3' - Four rivets in
the north flange, one below each
stringer and two between the
stringers., One rivet in the
south flange below the west
stringer.

Panel Point 2' - One rivet in
the south flange between the
stringers.

In Panel 3'-4', replace one rivet
each in the northeast and southwest

stringer-lateral bracing connections,

Walkways, Platforms and Ladders

{Locations of Members and Joints are
shown on Figure 2-4)

15.

Replace one missing rivet in the
west stringer connection of walkway
support channel member 29.

Report Page

Estimated Costs

Reference Labor Materials Total
31 & 32 4990 190 680
32 80 30 110
32 80 30 110
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Summary of Recommendations and Costs (Continued)

Report Page Repair Estimated Costs
Location Repairs Recommended Reference Priority Labor Materiais TJotal

SUPERSTRUCTURE  Walkways, Platforms and Ladders
{Locattions of Members and Joints are
Lift Span shown on Figure 2-4) (Continued)

{Continued)

16. Replace the end cap for the lower
raiiing pipe at the bottom of the
north stairs. Replace the short
section of pipe for the tee
connection and provide new
fasteners for the elbow sections
of the railings at the top of the
south stairs, 32 1 250 110 360

17. Provide new fasteners with lock
washers for the upper angle
railing sections between Panel
Points 2 and 3. 32 1 250 110 360

18. Replace the 2 x 4 inch guard
timber between the walkway
grating and the end of the ties. 32 1 1,720 820 2,540

LIFT SPAN TOTAL $116,395 § 91,665 $208,060
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Location

SUPERSTRUCTURE

North Approach
Span _and Tower

Summary of Recommendations and Costs (Continued)

Repairs Recommended

General

1. Cleaning and painting should be

accomplished on the truss and the
tower span members within the next
five years. A thorough sandblast
cleaning is necessary at "pockets"
of corrosion and lamination, prior

to repainting.

2. Replace the lacing bars listed on

Table 2-2 in conjunction with
cleaning and painting of the
structure,

Trusses

3. Replace the deteriorated electrical
cable support angles on the east
truss members at Panel Points 2 and
4 and in the east end of the top

chord strut at Panel Point 1.

4, Replace ten rivets in the lower

lateral connection plate at Panel

Point L4, east truss.

Top Lateral and Sway Frame Bracing

5. Replace twelve rivets in the east
stay plate of the upper portal strut

at Panel Point 4, Replace the

batten plate at Point L on the upper

strut.

Report Page Repair Estimated Costs
Reference Priority Labor Materials Total
45 2 $ 43,000 $ 35,000 $ 78,000
45 2 6,570 6,580 13,150
45 1 370 180 550
45 2 500 200 700
45 2 650 250 900
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Location

SUPERSTRUCTURE

North Approach
Span and Tower

(Continued)

Summary of Recommendations and Costs {Continued)

Repairs Recommended . Reference

Floor System and Lower Lateral Bracing

6.

Replace five rivets in the top

flange of the flocorbeam at Panel

Point 1 and the top flange of the

floorbeam at Panel Point 3 below

the walkway grating. 45

Replace the missing nut on a

fastener in the stringer bracing

connection at Joint 7 between

Panel Points 3 and 4. 45

Replace four bolts with deteriorated
nuts for the rail locking mechanism
at Panel Point 0. 45

Jacking Strut

9.

Provide new shim plates for the
Jacking strut. Store the plates in

Report Page Repair Estimated Costs
Priority Labor Materials Total
2 500 200 700
2 75 25 100
2 90 40 130
2 70 30 100

the north tower machinery room, 46

Tower Members

10.

Sandblast clean and repaint the
horizontal diaphragm plates and
angles inside the front columns.
Replace rivets in the diaphragm
plate connections of the west column
as follows:

a) First perforation above Joint D,
replace 31 rivets.

b) Second perforation above Joint D,
replace 14 rivets.
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Location

Summary of Recommendations and Costs (Continued)

Repairs Recommended

SUPERSTRUCTURE  Tower Members (Continued)

North Approach
Span and Tower

{Continued)

11.

12.

13.

14,

¢) First perforation below Joint
J, replace 6 rivets.

d} Second and third perforations
above Joint J, replace 6 rivets
in each,

e) Provide a bird screen at the
second perforation above Joint
N.

Remove electrical conduit support
angles on the interior web plates of
the rear tower columns. Sandblast
clean and paint web plate metalwork
and re-attach angles. Eliminate
angles not presently utilized.

Reinforce the lower south angle of
the transverse strut at Joint Cl.

Thoroughly clean upper surface and
rivet heads of the lower transverse
strut metalwork at Joint CO and
provide drain holes in web plate.
Repaint cleaned areas.

Replace 13 deteriorated rivets
fastening the counterweight guide
angles to the tower metalwork.

Report Page

Estimated Costs

Reference Labor Mater1aTs Total
46 2,000 990 2,990
46 1,800 700 2,500
46 350 100 450
46 600 500 1,100
46 650 250 900
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Location
SUPERSTRUCTURE

North Approach
Span and Tower

{Continued)

Top

Summary of Recommendations and Costs {Continued)

Repairs Recommended

of Tower

16.

17.

18.

19.

20.

21.

Thoroughly clean and paint sheave
girder lower flanges, connection
plates and webs adjacent to the
sheaves and the upper flanges at
the east and west entrances to the
sheave room,

Remove the pin collars between
counterweight hanger plates.
Thoroughly sandblast clean the
metalwork, repaint and reinstall
the pin collars with new bolts.

Replace the 18" x 3/8" horizontal
plate attached to the outboard
lower flange of sheave girders
G1-E and GI1-H.

Replace the lower ends of the
outboard stiffening angles for
sheave girders Gl1-E and Gl-W.

Replace the gratings and connection
fasteners on the sheave girder
bottom flanges adjacent to the
counterweight ropes.

Analyze the loads on the catenary
brackets atop the towers to
determine if corrective measures
are required.

Replace four fasteners at the
southwest corner and six fasteners
at the southeast corner of the
sheave girder enclosure.

Report Page Repair Estimated Costs
Reference Priority labor Materials  Total
46 2 730 300 1,030
46 2 730 300 1,030
46 2 490 210 700
46 2 500 230 730
47 1 980 1,010 1,990
47 1 2,000 - 2,000
47 2 500 200 700
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Location

SUPERSTRUCTURE

North Approach
Span and Tower

{Continued)

Top

Summary of Recommendations and Costs (Continued)

Report Page Repair Estimated Costs
Repairs Recommended Reference Priority Labor Materials Total

of Tower (Continued)

22.

23.

24,

Remove corrosion deposits and

refasten the separated bracing

members in the spire lattice at

locations indicated on Figure 2-7.

Bracing members with excessive

section loss should be replaced. 47 1 2,000 800 2,800

Replace 18 rivets in the roof splice
plate below each support for the
four decorative balls. 47 2 2,200 800 3,000

Replace broken machinery house

window panes and the metal frame

around the single pane in the west

entrance door to the sheave room. 47 3 200 150 350

Walkways, Platforms and Ladders

25.

26.

27.

Install a new section of railing

post at the east end of support

channel 17. Provide new lengths of

horizontal pipe railing sections;

one above channel 17 and two above

channel 19. Replace two fasteners

in the connection of the outhoard

railing post to the stairway stringer

at support channel 26. 47 2 500 440 940

Replace the short ladder used for
access to the main counterweight. 47 1 400 250 650

Replace two fasteners at the lower

end of the access ladder on the south

side of the sheave room at bridge

centerline. 47 80 50 130



-€L1-

Location

SUPERSTRUCTURE

North Approach
Span and Tower

(Continued)

Summary of Recommendations and Costs (Continued)

Repairs Recommended

Walkways, Platforms and Ladders
{Continued}

28. Replace two fasteners in the
outboard connection of the vertical
access ladder and two adjacent
fasteners in the vertical support
angle for the catenary platform at
the southeast corner of the
machinery house.

29. Replace the east and west vertical
straps for the ladder cage on the
north side of the machinery house.

30. Replace the 2" x 4" guard timber
between the walkway grating and
the ties.

Control House

31. Repair the lower end of the south
entrance door to the transformer
room.

Report Page Repair Estimated Costs
Reference Priority Labor Materials Total
47 2 90 60 150
47 2 450 200 650
47 1 400 190 590
47 3 300 200 500
NORTH APPROACH SPAN AND TOWER TOTAL $ 71,775 § 50,435 $122,210
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Location

SUPERSTRUCTURE

South Approach
Span and Tower

1.

Summary of Recommendations and Costs (Continued)

Repairs Recommended

General

Cleaning and painting is
recommended for the span and tower
members, machinery house and spire
wWithin the next five years. A
thorough sandblast cleaning should
be specified at areas of corrosion,
lamination and packed rust on
members and joints.

2. Replace the lacing bars in truss
and tower members listed in Table
2-2.

Trusses

No specific repairs are recommended.

Top Lateral and Sway Frame Bracing

3.

Install five fasteners in the
bracing west top chord connection
at Panel Point 4. Install three
bolts in the bracket supporting the
ornamental ironwork on the portal
strut at Panel Point 4.

Floor System and Lower Lateral Bracing

4.

Replace one fastener in the lateral
bracing splice plate in Panels 2-3
and 3-4,

In Panel 3-4, replace one rivet at

the east connection of the first lower

angle strut south of L3 between
stringers,

Report Page Repair Estimated Costs

Reference Priority Labor Materials Total
54 2 $ 43,000 $ 35,000 $ 78,000
54 2 4,700 4,700 9,400
54 - - - -
54 2 470 170 640
54 2 75 25 100
54 2 75 25 100
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Summary of Recommendations and Costs (Continued)

Report Page Repair Estimated Costs
Location Repairs Recommended Reference Priority Labor Materials Total
SUPERSTRUCTURE  Jacking Strut
South Approach 6. Provide replacement shim plates for
Span and Tower the north end of the jacking strut.
{Continued) Store the plates in the north tower
machinery room, 55 2 70 30 100

Tower Members

7. Remove the bird screens and
thoroughly clean and paint the
horizontal diaphragms and connection
metalwork in the tower front columns.
Replace screens after cleaning and
painting. 55 2 2,000 1,000 3,000

8. Remove the electrical conduit support
angles attached to the interior web
plates of the tower rear columns to
thoroughly clean and repaint. Do not
re-attach angles not presently being
utilized. 55 2 1,800 700 2,500

9, Replace the four lacing bars and
adjacent stay plate at the east end of
17e strut at "oint . Tep'ace eight
rivets in the adjacent transverse
sheave girder bottom flange. 55 2 980 220 1,200

10. Ream the existing hole and install a
bolt at the upper end of the tower
member AQ(west)-H. 55 2 80 50 130

11. Trim the deteriorated lower flange at
the upper end of the tower east bracing
member P-Cl. Trim the deteriorated
area of the adjacent stay plate. 55 2 400 150 550
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Summary of Recommendations and Costs {Continued)

Report Page Repair Estimated Costs

Location Repairs Recommended Reference Priority Labor Materials Total

SUPERSTRUCTURE  Tower Members (Continued)

South Approach 12. Replace two rivets in the lower
Span and Tower connection of tower member

{Continued) AD(east)-M. The connectors
fasten the member to the south
vertical gusset plate at the
joint, 55 2 80 30 110

13. Replace ten rivets in the lower
flange of the outboard channel and
four rivets in both the upper and
lower inboard channel flanges of
the east tower member C0-Cl Tacing
connections., 55 2 580 220 800

14. Replace eight rivets in the upper
flange and two rivets in the lower
flange of the inboard channel and
three rivets in the upper flange of
the outboard channel of the west
tower member CO-C1 lacing connections. 55 2 600 200 800

15. Replace 10 rivets fastening the east
counterweight guide angles to the
tower metalwork, 55 2 500 200 700

Top of Tower

16. Thoroughly clean and paint areas of
debris accumulation and corrosion of
sheave girder webs, flanges, connection
plates and small access gratings. 55 2 800 350 1,150
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Summary of Recommendations and Costs (Continued)

Report Page Repair Estimated Costs
Location Repairs Recommended Reference Priority Labor Materials Total

SUPERSTRUCTURE  Top of Tower (Continued)

South Approach 17. Remove the pin collars and
Span and Tower thoroughly clean and repaint the
{Continued) interior surfaces of the counter-
weight hanger connection metalwork,
Clean pin collars and provide new
connection bolts. 55 2 730 300 1,030

18. Replace the 18" x 3/8" horizontal
plates adjacent to the outhoard
lower flanges of sheave girders
G1-E and G1-W. 56 2 490 210 700

19. Replace the lower ends of the
outboard stiffening angle for
sheave girders GlE and Gl-W. 56 2 500 230 730

20. Analyze the catenary bracket
supports atop the towers to
determine if corrective measures
are required. 56 1 2,000 - 2,000

21. Remove corrosion deposits and
refasten the broken connections
of the spire lattice angles at
locations listed in Figure 2-7.
Replace severely deteriorated
angles as necessary. 56 1 2,000 800 2,800

22. Replace 18 rivets in the machinery
house roof splice plates beneath
each support for the decorative

balls. 56 2 2,200 800 3,000
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Location

SUPERSTRUCTURE

South Approach
Span and Tower

{Continued)

Top

Summary of Recommendations and Costs (Continued)

Report Page

Repairs Recommended

Estimated Costs

of Tower (Continued)

24.

Replace broken window panes and
deteriorated window frames of the
machinery room and single frame
in the south door of the west
entrance to the sheave room.

Repair deteriorated cornice on
east side of machinery house,

Walkways, Platforms and Ladders

25.

26.

27.

28.

29.

Replace two rivets in the west
stringer top flange connection of
the walkway support channel 17.

A vertical support for the jacking
strut is attached to this member
on the west end.

Replace a deteriorated fastener at
the southeast corner of the access
platform on east member M'-M and a
fastener at the north end of the
outboard channel for the member M'-M.

Replace the short vertical access
ladder atop the tower leading to the
main counterweight.

Replace the hoops and vertical straps
on the ladder leading to the spire at
the south side of the machinery house.
Replace the top rung of the ladder.

Refasten the loose connection at the
base of the short access ladder in the
decorative ball atop the spire,

Reference Labor Materials Total
56 200 180 380
56 1,000 600 1,600
56 30 50 130
hé 80 50 130
56 400 250 650
56 450 220 670
56 80 50 130
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Summary of Recommendations and Costs (Continued)

Report Page Repair Estimated Costs
Location Repairs Recommended Reference Priority Labor Materials Total
SUPERSTRUCTURE  Walkways, Platforms and Ladders
(Continued)
South Approach 30. Replace the 2 x 4 inch guard
Span and Tower timber between the walkway grating
{Continued) and timber ties. 56 1 400 190 590

SOUTH APPROACH SPAN AND TOWER TOTAL $ 66,820 § 47,000 $113,820
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Location

ELECTRICAL
EQUIPMENT

Summary of Recommendations and Costs (Continued)

Repairs Recommended

Incoming Commercial Power

1.

Replace the high voltage fuse
assemblies on the control house
roof.

Contact resistance should be
lowered on both General Electric
5 KV load break disconnect
switches in the transformer room
by tightening the moving main
contact gap.

Replace the high voltage primary
wiring to the 15 KVA transformer
bank.

The three 15 KVA transformers
should each be taken out of
service, covers remaved, and oil
level visually checked.

As a preferred alternative to 4.
above, replace the three aged 15
KVA oil-filled transformers with
new dry-type transformers, thus

eliminating future oil maintenance

and the potential fire hazard
associated with 0il transformers.

The three 150 KVA transformers
should each be taken out af
service and their 0il changed.

Report Page

tstimated Costs

Reference Tabor Materials Total
90 125 100 225
a0 500 - 500
90 125 75 200
90 500 - 500
91 1,000 2,000 3,000
91 1,000 1,000 2,000
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Location

ELECTRICAL
EQUIPMENT
(Continued)

Summary of Recommendations and Costs {Continued)

Repairs Recommended

Incoming Commercial Power (Continued}

7.

As a preferred alternative to 6.
above, replace the three aged 150
KVA oil-filled transformers with
new dry-type transformers, thereby
eliminating the future oil mainten-
ance and potential fire hazard
associated with oil transformers.

Emergency Engine-Generator

1.

Lubricate main generator bearings
via the oil cup fill tubes located
under the access covers at both
ends,

Repair intake and exhaust louver
operating motor circuit.

Install strip heater in generator
control/switchgear cabinet to combat
condensation and dampness.,

Repair the diesel engine overspeed
safety shutdown,

Repair or replace the emergency
start and stop valves which are
presently inoperative due to
excess paint,

Replace the missing handle for the
engine lube oil strainer and
incorporate its use into the engine
operation procedure,

Report Page Repair Estimated Costs
Reference Priority Labor Materials Total
91 2 5,000 15,000 20,000
91 1 RR 50 50
91 2 250 100 350
91 3 125 50 175
a1 1 1,500 250 1,750
91 2 500 500 1,000
91 1 RR 25 25
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Location

ELECTRICAL
EQUIPMENT
(Continued)

Summary of Recommendations and Costs (Continued)

Report Page Repair Estimated Costs
Repairs Recommended Reference Priority Labor Materials Total
Emergency Engine-Generator (Continued)
7. Repair or replace the water jacket
thermostat. 91 2 250 25 275

Main Switchboard

1. Burnish pitted contacts on contactors,
and replace cracked or broken arc
chutes (if replacement parts can be
obtained). 91 3 - - -

2. Periodically re-inspect auxiliary
contact linkages on contactors and
rebuild when necessary, 91 3 RR - -

3. Replace the various power circuit
wiring and/or motors as necessary to
correct the low megger readings for
the south rail lTock and lower span
lock motor, 91 3 2,500 5,000 7,500

4, Isolate and correct the low megger
readings (below 0.5 megohms) obtained
from the skew Timit switches, lock
control, main span limit switch,
railroad signal interlocking, and
normal span control interlocking.
{See readings noted in the tabulation
in Appendix A). 91 3 5,000 10,000 15,000

5. Replace faulty and inappropriately
sized fuses (see tabulation in
Appendix A). 91 2 RR 25 25

6. Replace missing mounting bolt in
resistor mount, 92 2 50 10 60
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Summary of Recommendations and Costs (Continued)

Report Page

Repair Estimated Costs
Priority Labor Materials Total

Location Repairs Recommended Reference
ELECTRICAL Emergency Engine-Generator (Continued)

EQUIPMENT

{Continued) 7. The bridge control system, in

general, is antiquated. This
control system, including the

main switchboard, should be replaced
with a modern, enclosed, automatic
(single push button) system. This
would not only eliminate the
replacement parts procurement
problem, but alse the shock

hazards presented by the existing
open front, exposed contact type

of equipment. 92

Control Desk

1. Repair power selsyn transfer
wattmeter, 92

2. Recalibrate the ammeters. 92

3. Replace control deck {or at lest
the control panel and metering) at
such time as the control system is
replaced, as recommended in 5.
above under "Main Switchboard". 92

Limit Switches

1. Clean and dry the span seating
1imit switches. Orill a 3/16 inch
drain hole in bottom corner of each
switch, 92

2 350,000 250,000 600,000
2 125 250 375
2 125 250 375
2 - - -
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Location

ELECTRICAL
EQUIPMENT
(Continued)

Summary of Recommendations and Costs (Continued)

Report Page Repair Estimated Costs
Repairs Recommended Reference Priority Labor Materials Total

Limit Switches (Continued)

2. Periodically inspect the main span
1imit switches (rotary cam type) in
the north machinery house, and the
skew 1imit switches in both machinery
houses. Dress the contacts as
necessary. g2 3 RR - -

3. Clean and dry the rail lock limit
switches, Drill a 3/16 inch drain
hole in bottom corner of each switch. 92 3 RR - -

4. Replace all brake hand release limit
switches. 92 2 1,000 1,200 2,200

5. Provide brakes released limit
switches on all thruster brakes at
such time as control system is
replaced; it may not be feasible
with existing equipment. Correct
control interlocking should prohibit
span drive motor operation until
brakes are released, except for the
drag brake function, 92 2 2,500 1,500 4,000

Navigation Lights and Aerial Beacons

1. Clean all paint spray off of
navigation light lenses. 92 2 RR - -

2. Replace sun shields and mirrors on
the flashing span mounted navigation
Tights. 92 3 1,000 200 1,200
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Summary of Recommendations and Costs (Continued)

Report Page Repair Estimated Costs
Location Repairs Recommended Reference Priority Labor Materials Total
ELECTRICAL Navigation Lights and Aerial Beacons
EQUIPMENT {Continued)
(Continued)
3. Replace aerial beacon lamps with

the correct type approved by the

FAA for aerial obstruction marking

(620 or 700 watt incandescent),. 92 2 500 150 650

Catenary Cables

1. At the northeast catenary bracket,
the center secondary cable (of five
cables), which is contacting the
inboard backstay cable, should be
disconnected from the bracket and
placed on the opposite side of the
backstay. MWrap the power/control
with a protective shield if necessary
for abrasion or rubbing protection
after the above relocation. 93 2 2,000 300 2,300

2. The catenary cable system should be
inspected every two or three years to
monitor the minor corrosion noted on
the support angles, the grade clamps,
and the wire ropes. 93 3 - - -

Tower and Lift Span Conduits

1. Replace rusted conduits on the north
tower bottom and on the north tower
span. 93 2 35,000 2,500 37,500
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Location

ELECTRICAL
EQUIPMENT
{Continued)

Summary of Recommendations and Costs {Continued)

Repairs Recommended

Tower and Lift Span Conduits (Continued)

2.

Repair the plastic conduit carrying
the ground wire and the conduit
supports at the north abutment.
Eliminate surplus ground wire and
all unnecessary bends and kinks.

Repair broken conduit body, provide
proper conduit supports, and
terminate conduit with an insulating
bushing oriented downward at north
abutment.

Replace broken plastic conduit with
galvanized steel conduit and provide
proper conduit supports on the south
tower span,

Replace missing conduit body cover
and miscellaneous rusted conduit
support clamps.

Replace rusted conduits and supports
along the 1ift span walkway and
stairways.

Remove miscellaneous abandoned losse
wires at tower bottoms.

—_

Report Page Repair Estimated Costs
Reference Priority Labor Materials Total

p—

>—93 2 2,000 150 2,150

93 3 1,000 - 1,000

ELECTRICAL TOTAL $413,675  $290,710 $704,385
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location

COUNTERWEIGHTS

1.

Summary of Recommendations and Costs (Continued)

Repairs Recommended

General

Repair the spalled and unsound
concrete areas in the cap of the

south main counterweight (approxi-

mately 59 square feet) and clean
and seal the concrete surfaces at
both main counterweights.

Clean and paint the undersides of
the well covers of both main
counterweights,

Replace deteriorated well cover
fastener nuts for the south main
counterweight at four anchor
bolts.

Replace the deteriorated caulking
around the hanger metalwork at
each main counterweight.

Thoroughly clean and paint the
hanger metalwork of both the main
and auxiliary counterweights.

Report Page Repair Estimated Costs

Reference Priority Labor Materials Total
95 2 $ 3,000 $ 1,800 $ 4,800
95 2 600 350 950
85 2 120 80 200
25 2 400 180 580
95 2 1,500 900 2,400

COUNTERWEIGHTS TOTAL $ 5,620 § 3,310 § 8,930
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Location

MECHANICAL
EQUIPMENT

1.

Summary of Recommendations and Costs (Continued)

Repairs Recommended

Institute a program to replace
all corroded bolts and/or nuts.
This includes:

a. Assembly bolts on machinery
such as:

1. Connecting rods on lock
bars

2. Speed reducers
3. Buffer cylinders
4. Bearing caps

5. Span guides

b. Mounting bolts for all
machinery components,

c. Foundation bolts for the
lower span machinery,.

Clean, polish and protect the
bearing journals on the idler
gear shafts for the 50 HP
emergency span drives. Include
all components of the emergency
drive in preventive maintenance
program, '

Reactivate limit switches on all
span drive brakes, making sure that
they are properly interlocked in
the control circuit.

Report Page Repair Estimated Costs
Reference Priority Labor Materials Total
125 & 126 1 $ 7,500 $ 7,500 § 15,000

126 3 RR - -
126 2 RR - -
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Summary of Recommendations and Costs (Continued)

Report Page Repair Estimated Costs
Location Repairs Recommended Reference Priority Labor Materials Total

MECHANICAL 4, Replace check valves and pressure

EQUIPMENT regulating valves on all buffers,

(Continued) Connect pairs of buffers at each
end of span and in each tower with
piping and one pressure regulating
valve to equalize pressure in each
pair of buffers, Adjust pressure
reqgulating valve to build up
sufficient pressure during seating
of the span to eliminate the
necessity of setting the machinery
brakes during seating.

After replacing vaives and repiping

the buffers, if the proper pressure

cannot be obtained in any cylinder,

that cylinder should be disassembled

and rehabilitated as necessary. 126 2 36,000 40,400 76,400

5. Replace Gearset PG}-SG) in both lower
span lock drives, 126 3 6,700 22,500 29,200

6. Determine why the clutches in the
span drive differential have been
deactivated. Unless some compelling
reason is found why they must be
deactivated, they should be
reactivated. 126 2 RR - -

7. Interim procedure:

a. (Clean and relubricate all
existing main and auxiliary
counterweight ropes, Use a
lubricant that will penetrate
the core of each rope and
displace water, 126 1 78,700 1,700 80,400
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Location

MECHANICAL
EQUIPMENT
(Continued)

10.

11.

Summary of Recommendations and Costs (Continued)

Report Page Repair Estimated Costs
Repairs Recommended Reference Priority Labor Materials Total

b. Provide vibration limiting
devices on counterweight ends
of all counterweight ropes. 126 1 2,400 1,600 4,000

c. Remove all debris from area
of counterweight rope socket
at attachments to the
counterweights. 126 1 RR - -

Replace guides at rope attachments

at counterweights.

Provide permanent vibration

limiting devices at counterweight
ends of ropes to reduce abrasion
between ropes and grooves in >>— 126 1 806,000 349,000 1,155,000
quides.

Replace all main and auxiliary
counterweight ropes as soon as
practical.

Replace counterweight trunnion

bearings assemblies. Use bearings

that are dimensionally interchange-

able with existing bearings so that

existing bearing housings can be

reused. Replacement bearings should

be spherical roller or tapered roller

types that provide both radial and

thrust capacity. One bearing on each

trunnion shaft should be fixed and

the second bhearing should float to

allow for differential thermal ‘
expansion. 127 1 806,000 434,000 1,290,000



Location
MECHANICAL 12.

EQUIPMENT
(Continued)

13.

-161-

Summary of Recommendations and Costs {Continued)

Report Page Repair Estimated Costs
Repairs Recommended Reference Priority Labor Materials Total
Replace the entire plumbing system
in the control house, per the
recommendations included in
George Jackson's report in Appendix
B. 127 3 18,500 26,500 45,000

Redesign counterweight quide slippers
to provide bronze slipper inserts in
each slipper. 127 3 9,600 6,000 15,600

MECHANICAL TOTAL $1,771,400 $939,200 $2,710,600

Priority Ratings:

RR

High priority repair to ensure safety and integrity of structure.

Repairs to correct deterioration that currently does not jeopardize the safety and integrity of
the structure. Repairs to reduce probability of future deterioration and maintenance.

Repairs to minor items, improvements in appearance of structure and routine maintenance
procedures,

Indicates repair work which is not extensive enough to require the services of an outside
contractor, but which could be performed by the normal maintenance personnel assigned to the
bridge. -
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Buzzards Bay Railroad Lift Bridge over Cape Cod Canal

Summary of Estimated Costs

Total Priority 1 Priority 2
Substructure $ 8,280 -- $ 3,340
Superstructure
Lift Span 208,060 % 5,260 202,800
North Approach Span and Tower 122,210 8,580 112,780
South Approach Span and Tower 113,820 6,840 105,000
Electrical Equipment 704,385 1,825 677,185
Counterweights 8,930 -- 8,930
Mechanical Equipment 2,710,600 2,529,400 76,400
TOTAL  $3,876,285  $2,566,905 $1,186,435

Priority 3

$ 4,940

850
1,980

25,375

89,800
$ 122,945



APPENDIX A
ELECTRICAL EQUIPMENT TESTS



Motor Combinations - Traction Motors:

TEST NO. 1:

NORMAL POWER AND SYNCHRO-TIE SYSTEM

Synchro-Tie Motors:

"A" North Tower
"C" South Tower
"B" North Tower
"D" South Tower

Lower Raise
Span Height North South Transfer North South Transfer
(Feet) {Amps)  (Amps) (KW) (Amps)  (Amps) {KW)
0 110 110 20 150 150 10
10 0 0 0 120 120 8
20 95 95 10 115 115 8
30 g5 95 10 115 115 10
40 95 95 8 110 110 10
50 100 100 10 105 105 8
60 100 100 8 105 105 8
70 100 100 8 100 100 8
80 100 100 10 105 105 10
90 100 100 8 105 105 10
100 100 100 10 105 105 10
110 100 100 10 110 105 10
120 100 100 8 110 110 10
130 110 110 10 115 110 10
TEST NO. 2: NORMAL POWER AND SYNCHRO-TIE SYSTEM

Motor Combinations - Traction Motors: "B" North Tower

"D" South Tower

Synchro-Tie Motors: "A" North Tower

"C" South Tower

Lower Raise
Span Height North South Transfer North South Transfer

(Feet) (Amps)  (Amps) (KW} (Amps)  (Amps) (KW)
0 115 110 20 150 150 10
10 110 105 10 140 135 10
20 105 100 10 125 120 10
30 105 100 10 120 115 10
40 105 100 8 115 110 10
50 105 100 8 115 110 10
60 105 100 10 110 105 10
70 100 105 10 110 105 10
80 115 110 10 110 105 10
90 105 100 5 110 105 10
100 105 95 8 110 105 10
110 105 85 10 110 105 10
120 105 100 10 115 110 10
130 110 100 5 115 110 10



TEST NO. 3:

EMERGENCY POWER AND SYNCHRO-TIE SYSTEM

Motor Combinations - Traction Motors:

Synchro-Tie Motors:

"A" North Tower
"C" South Tower
"B" North Tower
"D" South Tower

Lower Raise
Span Height North South Transfer North South Transfer
(Feet) (Amps)  (Amps) (KW) (Amps)  (Amps) (KW)
0 125 125 15 170 170 10
10 120 120 10 130 125 10
20 105 105 8 135 130 10
30 105 105 10 115 115 8
40 110 110 8 115 115 5
50 110 110 8 110 110 10
60 110 110 10 112 110 10
70 110 110 10 110 110 8
80 110 110 10 110 110 8
90 110 105 10 115 110 5
100 110 110 10 115 112 8
110 110 110 10 115 112 10
120 115 115 8 120 120 10
130 120 120 5 120 120 10
TEST NO. 4: EMERGENCY POWER AND SYNCHRO-TIE SYSTEM

Motor Combinations - Traction Motors: "“B" North Tower

"D" South Tower

Synchro-Tie Motors: "A" North Tower

"C" South Tower

Lower Raise

Span Height North South Transfer North South Transfer

(Feet) (Amps)  (Amps) (KW) (Amps)  (Amps) (KW)
0 130 120 20 160 150 15
10 120 110 15 140 130 10
20 115 105 10 130 125 8
30 115 105 10 125 120 8
40 115 105 10 125 120 8
50 115 105 8 120 115 10
60 115 105 8 115 110 10
70 115 105 10 120 110 10
80 115 105 10 120 110 10
90 115 105 10 120 115 8
100 115 105 8 120 115 8
110 115 110 8 120 115 10
120 115 110 10 125 115 10
130 125 115 10 125 115 10



TEST NO. 5: NORMAL POWER - EMERGENCY OPERATION
ONE MOTOR OUT OF SERVICE

Motor Combinations - Motor "B" North Tower, Out of Service
Traction Motor: "D" South Tower
Synchro-Tie Motors: "A" North Tower
“C" South Tower

Lower Rajse
Span Height North South Transfer North South Transfer

(Feet) (Amps)  (Amps) (KW) (Amps)  {Amps) (KW)
0 0 160 70 0 170 70
10 0 100 20 0 200 100
20 0 100 20 0 150 70
30 0 100 20 0 140 60
40 0 110 30 0 130 50
50 0 110 30 0 125 40
60 0 110 30 0 120 40
70 0 110 35 0 115 30
80 0 120 40 0 120 35
90 0 105 20 0 120 40
100 0 105 20 0 120 40
110 0 105 20 0 130 40
120 0 105 20 0 120 60
130 0 110 30 0 150 70

TEST NO. 6: NORMAL POWER - EMERGENCY OPERATION
ONE MOTOR OQUT OF SERVICE

Motor Combinations - Motor "D" South Tower, Out of Service
Traction Motor: “B" North Tower
Synchro~Tie Motors: “A" North Tower
"C" South Tower

Lower Raise
Span Height North South Transfer North South Transfer
(Feet) (Amps) _(Amps) _(KM)_ (Amps) _ (Amps)  (KW)
0 150 0 60 180 0 70
10 160 0 60 180 0 80
20 105 0 10 150 0 50
30 105 0 20 140 0 40
40 115 0 25 140 0 30
50 115 0 30 120 0 20
60 115 0 30 120 0 20
70 115 0 30 120 0 20
80 115 0 30 125 0 25
90 120 0 30 125 0 25
100 120 0 40 125 0 25
110 110 0 20 130 0 30
120 110 0 20 160 0 50
130 120 0 30 160 0 60



TEST NO. 7: NORMAL POWER - EMERGENCY OPERATION
ONE MOTOR OUT OF SERVICE

Motor Combinations - Motor "A" North Tower, Out of Service
Traction Motor: "C" South Tower
Synchro-Tie Motors: "B" North Tower
"D" South Tower

Lower Raise
Span Height North South Transfer North South Transfer
(Feet) (Amps)  (Amps)  (KW) (Amps)  (Amps) (KW)
0 0 170 70 0 170 70
10 0 0 0 0 130 50
20 0 100 20 0 140 50
30 o 105 25 0 150 50
40 0 110 30 0 130 50
50 0 110 30 0 125 40
60 0 110 30 0 110 20
70 0 120 40 0 115 10
80 0 105 25 0 120 10
g0 0 105 25 0 120 10
100 0 105 25 0 120 10
110 0 105 25 0 110 5
120 0 105 25 0 140 40
130 0 110 30 0 140 40
TEST NO. 8: NORMAL POWER - EMERGENCY OPERATION
ONE MOTOR OUT OF SERVICE
Motor Combinations - Motor "C" South Tower, Out of Service

Traction Motor: "A" North Tower

Synchro-Tie Motors: "B" North Tower

"D" South Tower

Lower Raise
Span Height North South Transter North South Transfer

(Feet) (Amps)  (Amps) (KW) _ (Amps) _ (Amps) (KW)
0 180 0 80 170 0 80
10 150 0 60 170 0 70
20 100 0 10 150 0 60
30 100 0 5 140 0 50
40 110 Q 20 130 0 40
50 110 0 30 125 0 40
60 110 0 30 120 0 30
70 120 0 30 120 0 30
80 120 0 40 110 0 20
90 105 0 15 110 0 10
100 105 0 20 130 0 40
110 105 0 20 115 0 30
120 105 0 10 140 0 40
130 110 0 40 150 0 50



Coil

N18
N19
N20
N21
N22
N23
N24
N25
N4l
N42
N43
N44
N45
N46
N47
N48
N49
N50
N55
N56
N57
N58
N59
N6O
N61
N62
N63
N64
NE5
N66
N67
N68
N69
N70
N71
N72
N77
N78
N79
N8O
N81
N83
N84
N85
N86
N87
N88

MEGGERING TESTS

RELAY AND CONTACTOR COILS - MAIN SWITCHBOARD
ROOM TEMPERATURE: 73 Degrees F.

Control Function

North Span Normal Traction Motor-Lower
North Span Normal Traction Motor-Raise
South Span Normal Traction Motor-Lower
South Span Normal Traction Motor-Raise
Synchro Motor Excitation-Raise

Synchro Motor Excitation-Lower

Synchro Motor Excitation-3rd Phase
Synchro Motor Excitation-3rd Phase Tieline
North Normal Traction Motor Secondary
North Normal Traction Motor Secondary
North Normal Traction Motor Secondary
North Normal Traction Motor Secondary
North Normal Traction Motor Secondary
South Normal Traction Motor Secondary
South Normal Traction Motor Secondary
South Normal Traction Motor Secondary
South Normal Traction Motor Secondary
South Normal Traction Motor Secondary
North Brake A (Traction Motor)

North Brake B

South Brake D

South Brake G {Traction Motor)

North Brake GH (Drag Brake)

South Brake JK (Drag Brake)

North Rail Lock-Close

North Rail Lock-Open

South Rail Lock-Close

South Rail Lock-Open

North Lower Span Lock-Close

North Lower Span Lock-Open

South Lower Span Lock-Close

South Lower Span Lock-Open

North Upper Span Lock

South Upper Span Lock

North Differential Clutch

South Differential Clutch

Span Motor Undervoltage

Span Up Limit Bypass

Span Down Limit Bypass

North Span Fully Open Control

South Span Fully Open Control
Machinery Room Heaters

Skew Limit Bypass

Skew Limit Bypass

Contactors N22, N23 (Time Delay Relays)
Contactor N24 (Time Delay Relay)

Contactor N24 (Time Delay Relay)

Me?

ger Reading
MEGOHMS )

1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000

900



Me?ger Reading

Coil Control Function MEGOHMS)
N89 Contactor N25 (Time Delay Relay} 1,000
N90 Brakes A and B (Time Delay Relays) 1,000
N9l Brakes C and D (Time Delay Relays) 1,000
N94 Brake Release Contactor 1,000
N95 North Main Span Motor Overload Alarm 1,000
N96 South Main Span Motor Overload Alarm 1,000
N97 Span Leveling (Up Master Switch On) 1,000
N98 Span Leveling (Up Master Switch On) 1,000
N99 Raise Control (Labeled Down) 1,000
N100 Lower Control 1,000
N101 Span Leveling (Selyn Indicator Raise Relay) 1,000
N102 Span Leveling (Selyn Indicator Lower Relay) 1,000
E40 Brake E (North Brake E Relay) 600
E41 Brake F {South Brake F Relay) 1,000
E42 Brake A (North Brake A Relay) 1,000
£43 Brake B (North Brake B Relay) 1,000
E44 Brake C (South Brake C Relay) 1,000
£45 Brake D (South Brake D Relay) 1,000
E46 North Brakes G and H Relay 1,000
E47 South Brakes J and K Relay 1,000
E48 North Rail Lock Close (Emergency) 1,000
E49 North Rail Lock Open (Emergency) 1,000
ESO South Rail Lock Close (Emergency) 1,000
E51 South Rail Lock Open (Emergency) 1,000
E52 North Lower Span Lock, Close (Emergency) 1,000
£53 North Lower Span Lock, Open {Emergency) 1,000
E54 South Lower Span Lock, Close {Emergency) 1,000
E55 South Lower Span Lock, Open (Emergency) 1,000
ES6 North Upper Span Lock (Emergency) 1,000
ES7 South Upper Span Lock (Emergency) 1,000
E58 North Differential Clutch {(Emergency) 1,000
E59 South Differential Clutch (Emergency} 900
E68 Span Motor Undervoltage (Emergency) 1,000
E69 Span Up Limit Bypass ?Emergency) 1,000
E70 Span Down Limit Bypass (Emergency) 1,000
E71 North Span Fully Open Control (Emergency) 1,000
E72 South Span Fully Open Control {Emergency) 1,000
E73 Skew Limit Bypass (Emergency) 1,000
E74 Skew Limit Bypass (Emergency) 1,000
E75 Brakes A, B, C, D (Time Relay) 1,000
E76 Brakes E and F (Time Relay) 1,000
E79 Setting of Service Brakes 900
E8D Span Leveling 1,000
£81 Span Leveling 1,000
E82 Raise Control 1,000
E83 Lower Control 1,000
E84 Span Leveling 1,000
E8S Span Leveling 1,000

Ce7 Differential Clutch Engaged Relay 1,000



MEGGERING TEST - WIRING

WIRING MEGGERED WITH END DEVICE
(MOTOR, BRAKE, ETC.) CONNECTED

TEMPERATURE: INSIDE - 73 DEGREES F. - OQUTSIDE - 60 DEGREES F.
Megger Reading
?MEGOHMS
Wire No. Feeding Unless Noted)
14, 15, 16 North Tower Heaters 1,000
i7, 18, 19 South Machinery Room Heaters * 600 K ohm
160, 166 Thermostat - South Tower 1,000
204, 205, 206 Motor B Stator 60
201, 202, 203 Motor A Stator 60
207, 208, 209 Motor A Rotor 70
211, 212, 213 Motor B Rotor 130
231, 232, 233 Motor C Stator 10
234, 235, 236 Motor D Stator 14
237, 238, 239 Motor C Rotor 9
241, 242, 243 Motor D Rotor 12
264, 265, 266 East Brake A 120
267, 268, 269 Brake A 1,000
277, 278, 279 North Brake B 1,000
274, 275, 276 East Brake B 140
N1l6, N117, N118 Brake C 1,000
E128, E129, E130 East Brake C 1,000
N113, N114, N115 Brake D 1,000
E125, E126, E127 Brake D 1,000
304, 305, 306 Brake E 1,000
E107, E108, E109 Brake F 1,000
317, 318, 319 Brakes G and H 900
N119, N120, N121 Brakes J and K 500
E131, E132, E133 Brakes J and K 1,000
331, 332, 333 Rail Lock Motor 4
N101, N102, N103  South Rail Lock Motor * 800 K ohm
E110, E111, E112 Rail Lock Motor 1,000
341, 342, 343 Lower Span Lock Motor * 200 K ohm
N104, N105, N106 Lower Span Lock Motor 8
E113, E114, E115 Lower Span Lock Motor 1,000
E114A, E115A Lower Span Lock Motor 1,000
357, 358, 359 Upper Span Lock Motors 35
N107, N108, N109 Upper Span Lock Motors * 600 K ohms
Ell6, E117, E118 Upper Span Lock Motors 1,000
377, 378, 379 Differential Clutch Motor 1,000
N110, N111, N112 Differential Clutch Motor 1,000
E119, E120, £121 Differential Clutch Motor 1,000
Cl119 Fully Closed Limit Switches 1,000
€107 Lower Span Lock Closed Limit 2
C108 Lower Span Lock Open Limit 160
Cl22 Lower Span Lock Closed Limit 3
Ciz23 Lower Span Lock Open Limit 240



Me?ger Reading

MEGOHMS

Wire No. Feeding Unless Noted)
453 Differential Ciutch Limit Switch 1,000
C126 Differential Clutch Limit Switch 1,000
Clig Skew Limit Switch 1.8
€11l Skew Limit Switch 1,000
€112 Skew Limit Switch 1,000
€113 Skew Limit Switch 2
€115 Skew Limit Switch 300
C116 Skew Limit Switch * 400 K ohms
€128 Skew Limit Switch 1,000
Cl29 Skew Limit Switch 1,000
€130 Skew Limit Switch 1,000
€13l Skew Limit Switch 1,000
€132 Skew Limit Switch 1,000
€133 Skew Limit Switch 1,000
671 Emergency Clutch Limit Switch 1,000
Cl34 Upper Span Locks 14
L101 Skew Transmitter Rotor 300
{102 Skew Transmitter Rotor 300
L103 Skew Transmitter Rotor 320
L104 Skew Transmitter Rotor 600
L105 Skew Transmitter Rotor 1,000
L106 Skew Transmitter Rotor 800
C101 Lock Control North and South * 300 K ohms
cl107 Lock Control North and South 1.4
104, cl27 Rail Lock Limits North and South 35
420 Lower Span Locks 2
434 Lower Span Locks 30
€103 Lower Span Locks 20
Cl14 Skew Limit Switch North and South 600 K ohms
520 Interlock Normal Span Control 500 K ohms
525, 538 Interlock Normal Span Control * 100 K ohms
700 Interlock Normal Span Control 1,000
502, 546, 547 Main Span Limit Switch North 150
557, 573, 574 Main Span Limit Switch North 120
581, 584, 589 Main Span Limit Switch North 200
593, 600 Main Span Limit Switch North 200
L114 Main Span Limit Switch North 800
800 Main Span Limit Switch North * 10 K ohms
€109 Upper Span Lock Limits 16
Cl24, Cl125 Clutch Interlocks South 1,000
538, 541 Bypass 2
L110, L111, L155 Selsyn Indicators North and South 200
L156, L157, L158 Selsyn Indicators North and South 250
805, 806, 807 Selsyn Indicators North and South 400
808, 809, 810 Selsyn Indicators North and South 300
L127, L126, L147 Indication 140
L129, L138, L149

L130, L141 Indication 300
L150, L131, Ll42,

L151 Indication 160

L132, L143, L152,
L133, L144 Indication 250



Megger Reading

(MEGOHMS
Wire No. Feeding Unless Noted)
L134, L145, L135,

L146 Indication 200
L128 Indication 10
L137 Indication 16
L148 Indication 300
€117 Lock Control 90
901, 902, 903 Elevator - North Tower 2.2
904, 905, 906 Elevator - South Tower 1.6
L113, L114, L115,

L116 Indication 900
L117, L119, L121,

L123 Indication 20
L107 Rail Signal Interlocking North and South * 20 K ohms
L108, L109 Rail Signal Interlocking North and South 1,000
L166 Rail Signal Interlocking North and South 10
870 Rail Signal Interlocking North and South * 7 K ohms
888, 889, 891 Aerial Obstruction Beacon

North and South 1,000
892, 893, 894 Aerial Obstruction Beacon

North and South 1,000
946, 949, 932 Lighting Feeder South 1,000

*Measurements so designated are unsatisfactorily low and warrant further
isolation and investigation.



PANELBOARD MEGGERING

Control Room Panelboard

Circuit 1 Inside Lights
Circuit 2 Inside Lights
Circuit 3 Inside Receptacles
Circuit 4 Store Room Lights and Receptacles
Circuit 5 Span Walkway Lights
Circuit 6 Transfer Switch
Circuit 8 South Pier

Circuit 9 Generator House
Circuit 10 Stairway Lights
Circuit 11 Switchboard Lights
Circuit 12 North Pier Lights

South Tower Panelboard

Circuit 1 Spire Ladder Lights

Circuit 2 OQutside Walkway Lights

Circuit 3 Motor Room Lights

Circuit 4 Motor Room Receptacles

Circuit 5 Elevator Lights

Circuit 6 Machinery Room and Catwalk Receptacles
Circuit 7 Elevator Ladder Lights

Circuit 8 Machinery Room Lights

Circuit 9 Photocell and Approach Lights

Circuits 11 & 13  Sodium Lights South Pier
Circuit 15 Receptacle - Bottom Elevator Shaft

400 K ohms
1,000
1,000
1,000

See Note 1
1,000

See Note 2

See Note 2

See Note 1
1,000

See Note 1

G900
See Note
See Note
400

=

Note 1: Meggering circuit would have required extensive disassembly of

equipment.

Note 2: Circuit could not be de-energized for testing.

FEEDER MEGGERING

Incoming High Voltage Feeders to Bridge

Transformer Room

Line Megger Reading
1 1,000 megohms
2 1,000
3 1,000
Main Feeders to South Tower Panelboard
Line Megger Reading

500 megohms
500
1,000

WMo =



Wire No.
C1 - 399
C1 - 411
C105

C1
C106

[4p]
—
[}

431
C107
cl108

C3 - 416
C3 - 419

€120
c121

[ap] <
o [¥%)
i 1

442-402A
cl23
c122

C1 to Ground

C3 to Ground

CONTROL BUS MEGGERING

RL = Rail Lock SL = Span Lock
Limit Switch Pier Megger Reading
RL Closed North 500 K ohms
RL Open North 25 meg
RL Closed South 500 K ohms
RL Open South 30 meg
NW SL Closed North 500 meg
SW SL Closed South 500 K ohms
SW SL Open South 40 meg
NW SL Open North 1.6 meg
RL Closed North 1.6 meg
RL Open North 20 meg
RL Closed South 1.7 meg
RL Open South 30 meg
NW SL Open North 50 meg
SW SL Open South 50 meg
SW SL Closed South 1.6 meg
MEGGER CONTROL BUS
Normal Bus 2 meg ohms
Emergency Bus 4 meg ohms



COOPER ENERGY SERVICES

Service Representative's Report

H. T. Blake Jr., Service Repr.

May 11, 1984
MOJESKI/ARMY CORPS OF ENGINEERS

Buzzards Bay, Maine
40-5X-6
15496

Brief reason for report - Inspection of engine condition.

May 7 - Travel by company car enroute to job location.

May 8 - At job location, met customer, Lance Borden. John Thompson of CES was helping
me on inspection.

We removed lower block covers to inspect crankcase. Found no outstanding visual
problems. Barred engine over and checked liners on bottom half. All were smooth,
no sign of any scores. Rolied engine by hand and checked timing chain and oil pump
drive gear, both looked good. Adjusted chain tension to specification. Took crank-
shaft web deflection readings on all throws, all were in specification, readings

are attached. We had access to previous reading of twelve years ago and the two
readings were much the same.

We adjusted the fan drive belts as they were too tight and causing a high positive
deflection reading at #1 throw. The crankshaft thrust was .005" and the camshaft
thrust was .010", the cam lobes all Tooked like new. Put covers back on so we could
run engine tomorrow.

May 9 - Started engine and let warm up so we could see engine under load. They
lowered and raised the bridge, engine pulled load well. Tried to check overspeed
shutdown, found it would not move. One of the drives was worn out and will have

to be replaced. Until it is repaired there is no overspeed protection on this
engine. I wrote down part numbers of defective pieces so they can be ordered by the
customer. Set and checked alarms for low 0il pressure, high water temperature and
high o0il temperature, no shutdowns for these.

Other possible problems we found were the emergency start and stop valves were
painted over and were stuck. If control power was lost the engine could be
operated using these emergency valves manually. The handle for rotating the Tube



Mojeski/Army Corps of Engineers
May 11, 1984
Page Two

0il strainer was missing, this needs to be installed so operator can clean strainer,
it is supposed to be turned quite often when engine is running. For operator con-
venience, the thermometer could be replaced with ones easier to see and read. Also
I feel the engine water jacket thermostat was not working properly as 140 degrees F.
was as high a temperature we could reach on water out of engine. We set the intake
and exhaust valve tappets at .015" intake, .018" exhaust, set some of air start
valves that were out of adjustment,

Generally, the engine was in good shape and showed it has had good care. The only
urgent problem found was with the overspeed trip. The three parts toc renew it are
as follows:

BM-233

BM-3596
BM-5694

We finished our inspection so customer released us.

May 10-11 - Returned to Springfield, Ohio.

/m
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18 California Avenue
Westinghouse Box 1060 o
Electric Corporation Framingham Massachugetts 01701
(6171237 6950 ‘

June 25, 1984‘

Modjeski § Masters
P.0. Box 2345
Harrisburg, PA 17105

ATTENTION: Joseph J. Scherrer, P.E.
RE: TINSPECTION AND CONDITICN REPORT

Vertical Lift Railroad Bridge :
Cape Cod Canal, Buzzards Bay, MA Westinghouse BSEN-286

Enclosed is our Engineer's report of the tests and work performed at the
above facility.

This report is for your information and files.
If you have any questions do not hesitate to call.

Thank you for the opportunity to be of service to you.

Very truly yours,

EDDY ASOUSA
Seryice Coordinator

New England Engineering Service



ISSUING OFFICE

Westinghouse Industry Services Apparatus Service Division
Electric Corporation Divisions

Apparatus Service Report

JOB # DATE WRITTEN
Westinghouse Electric Corp. BSEN-286 5 zf 4
CUSTOMER
10 California Avenue Medjeski & Masters
ADDRESS ‘|
Framingham, MA ZIP01701 424 Trapelo Road
| New England Engineering Serylce Waltham, MA 02254 o
REPORT # CUSTOMER ORDER
INDIGATE IF FinaL [ AND DATE
SUBMITTED BY . REPORTED TO DATE REPCRTED
S, Wilson/S. Frazier/ W. Murch ON JoB
TITLE LOCAT-ION TITLE PHONE
Field Engineer Framingham
COVER FOLLOWING POINTS ON EACH JOB AND NUMBER PARAGRAPHS EXACTLY AS SHOWN
1 2. LENGTH QF TIME IN |3 COMPLAINT 4. 5 WORK DONE AND |0 ) LIST M.ATVEHIAL TO BE ORDERED
APPARATUS AS FOUND
ofTERTo | SERNERANe il M A g e

Upon arrival, the Bridge Controller, Lance Borden and myself opened the two
General Electric Air Break High Voltage Disconnects so work could be performed on
the 15 KVA and 150 KVA transformer banks which these switches fed. In order for
work to be performed on the switches, the line side of both switches needed to be
de-energized. The Army Corp. of Engineers line crew upon request of Bridge Con-
troller opened the knife blade disconnects on top of utility pole adjacent to
emergency generator building.

The following is a general summary of condition on each piece of apparatus.

1. 5 KV General Electric air break, load break disconnect switch feeding

15 KVA bank. This switch was in good condition with only the door inter-
lock inoperative. Apparently the operator of the switch tried to close
switch with door open'forcing mechanism and breaking interlock. The
interlock was repaired on site and is noﬁ operative.

Main blades were arc free as well as flicker blades and arc chutes indi-
cating switch has not been opened under heavy load. Enclosure, insulating

bushings and mechanism were found to be in excellent condition, although

41376-HP Page (] ) ot ()
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Westlghouse Industry Services Apparatus Service Division
Electric Corporation Divislons Job #BSEN-286

Apparatus Service Report Modjeski & Masters

line side cables were found slightly loose and were tightened.
Fuses were ductored with a digital low resistance Ohmmeter. The
closeness of readings to each other indicate that any one fuse has
probably never been stressed close to its limit. Insulation resistance
of switch is also good.

2. 5 KV General Electric air break, load break disconnect switch feeding
150 KVA bank. This switch was found in excellent condition. Main
blades were arc free as well as flicker blades and arc chutes. Enclosure,
bushings, mechanism were in excellent condition. Line side cables were
also found loose on this switch and were re-tightened. The fuses were
also ductored and readings indicate equal electrical integrity between
fuses.
The contact resistance on this switch as well as the resistance off the
switch feeding the 15 KVA transformer load is good as detected with a
digital low resistance Ohmmeter. These resistances measured in micro-
ohms are good although contact resistance should be brought down to the
10-20 micro-ohm range across the entire switch by tightening the moving
main contact gap.
The insulation resistance of the entire switch is excellent.

3. The 15 KVA transformer bank was found to be in fair condition due to the
fact that there was cracked and rotting insulation on the high side cables
of the middle and right transformers. Aside from this problem, the cosmetic

condition of this bank is excellent considering its age.

F-41377-HP Page (2} of i



anhouse | Industry Services Apparatus Service Division
Electric Corporation Divisions Job #BSEN-286

Apparatus Service Report Modjeski & Masters
The oil samples were sent to Westinghouse Lab to be analyzed for seven
parameters. All the parameters of the oil in this bank meet the classi-
fications of service aged 0il as set up by Sharon Transformer Division.
This oil displays excellent dielectric, good moisture and power factor
levels as well as neutralization and interfacial tension. This oil is
suitable for continued use as stated in the ©0il analysis report.

The 0il level in these transformers is unknown. This is due to the fact
that these transformers do not have sight glasses. It is recommended
that the transformers be removed from service, covers removed and level
visually checked. It is also recommended that thehigh voltage cable on
transformers be repaired in the near future.

4. The 150 KVA bank was found in good physical condition with no oil leaks
present at the time of inspecticn.

The 0il in this bank of transformers has excellent dielectric strength,
low moisture content and a good power factor. This oil has poor acid
content (neutralization) and interfacial tension. This possibly suggests
contamination or deterioration. Westinghouse Sharon, PA suggests re-
claiming of oil which is a filtering process utilizing Fuller's Earth.
Due to volume of oil in these three transformers, I suggest simply to
remove 0il and properly dispose and refill with new oil.

I also feel these transformers can be considered for continued service
for a short to medium length of time due to the fact that they have good

dielectric, moisture and power factor parameters.

F-41377-HP rage (3y ot (4)
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Westlghouse | Industry Services Apparatus Service Division
Electric Corporation Divisions Job #BSEN-286

Apparatus Service Report Modjeskl & Masters
The 0il level in these units through visual inspection of sight glass
appear to be low. If oil is not changed out as suggested, this level
should be brought up to the 25 degree centigrade mark on sight glass
with make-up oil.

Both banks of transformers are within federal register definitions of
classified non-PCB fluids. All transformers display less than 50 PPM
PCB.

Attached to this inspection report for this apparatus are laboratory reports
containing results of oil analysis and PCB analysis. Also attached are explanatory
definitions of 'Significance of Tests'" and '‘Classifications of Service Aged 0ils"
for your review. I am also enclosing six (6) certified non-PCB stickers which are

to be affixed to each transformer.

F-41377-HP Page () ot ()



WESTINGHOUSE ENGINEERING SERVICE

HIGH VOLTAGE DISCONNECT SWITCH REPORT

Customer Modjeski § Masters

Station Location

Job ¥ BSEN-286

Buzzards Bay R.R. Bridge/Cape Cod Canal

Switch Mfgr. General Electric

Switch Identification

Type SE - Air Break, Load Break Switch

Voltage Rating 4800 Volt Current Rating ©00 Amp
Fuse Mfgr. S&C Power gize 400 A Style # 86641R1
A.  VISUAL INSPECTION
1. Enclosure OK
2. Insulators and Bushings OK
3. Bus *Loose
4. Disconnect Blades, Condition CK
5. Arc Chutes 0K
6. Mechanism, Linkage QK
7. Switch Operation OK
8. Key Interlock Switch, Operation **Tnoperative
9. C(Cleanliness OK_
10. REMARKS *Line side cable connections found loose and were tightened.
**Key interlock repair on site.
B. ELECTRICAL TESTS - (Megohms) (A) (B) (©
Left Phase Center Phase Right Phase
1. Contact Resistance 55 51 _ 46
2. Insulation Resistance A-B B -C C-A
2000 2000 2000
A-G B -6 C-G
2000 2000 2000
Across Open Contacts 2650 2300 2660
3. REMARKS_ Fuses ductored at 8.31 Megohms, 8.25 Megohms, 8.30 Megohms,

A, B, C, respectively.

Y S. Frazier

DATE 5/2/84

BSE-DS-I-10



WESTINGHOUSE ENGINEERING SERVICE

HIGH VOLTAGE DISCONNECT SWITCH REPORT
Job #BSEN-286

Customer Modjeski § Masters

Station Location Buzzards Bay R.R. Bridge/Cape Cod Canal

Switch Mfgr. General Electric

Switch Identification Type SE - Air Break, Load Break. 150 KVA

Voltage Rating 4800 Volt Current Rating 000 Amp

Fuse Mfgr. S&C Power Size 400 A Style # 86641R1

A. VISUAL INSPECTION

1. Enclosure 0K
2. Insulators and Bushings OK
3. Bus 0K
4, Disconnect Blades, Condition OK
5. Arc Chutes OK
6. Mechanism, Linkage OK
7. Switch Operation OK
CK

8. Key Interlock Switch, Operation

9. Cleanliness OK

10. REMARKS Line side connections found loose and were tightened.

B.  ELECTRICAL TESTS - (Megohms) (A) (B) ©)
Left Phase Center Phase Right Phase
1. Contact Resistance 50 49 47
2. Insulation Resistance A-B B -C C - A
2000 2000 7 2000
A-G B -G C-G
2000 2000 2000
Across Open Contacts A B C
2000 2000 2000

3. REMARKS Fuses ductored at 596 Megohms, 605 Megohms, 600 Nbgohms,

A, B, C, respectively.

BY__S. Frazier DATE__5/2/84

B3SE-DS-1-106




WEST INGHOUSE ELLECTRIC CORPORATION

INDUSTRY SERVICES DIVISIONS LABORATORY
PITTSEURGH, PENNSYLVANIA
TRANSFORMER INSULATING LIGQUID ANALYSIS

OIL ANALYSIS

WESTINGHOUSE ELECTRIC CORFORATION DATE TESTED: S5-17-84
F.O.ROX 1060 CUSTOMER: MODJESKI & MASTERS
10 CALIFORNIA AVENUE LABORATORY NG.: 84-520
FRAMINGHAM, MA 01701 F. 0. NO.: BSENZB&OZ2
1 2 3 4
TRAMSFORKER SER. ND. 9134237 9133813 5092940 194487

SOURCE OF SAMPLE  NAIN TAMK BOTTOM MAIN TANK BOTTOM BALN TAMK BOTTON NAIN TANK BOTYOM

ANALYSIS RESULTS:
GENERAL COMDITION AMBER CLEAR AMBER CLEAR YELLOW CLEAR YELLON CLEAR

DIELECTRIC STRENGTH - KV(s0 HI 3 25°() 51.8 48.4 4%.6 0.4
PONER FACTOR - PERCENT(60 HI 9 25°0) 175 . 220 .028 03
INTERFACIAL TENSION - DYNES/CH 19.0 18,3 4.2 2.8
NEUTRALIZATION N0. - NG KOH/GRAN A37 440 A3 A7
COLOR - ASTM D-150¢ 3.0 10 1.3 1.3
NOISTURE - PPN 22 23 12 2

THE FOLLOWING SUGGESTIONS AND REMARKS ARE IN COMPLIANCE WITH
RECOMMENDED VALUES ESTABRLISHED RY (W) SHARON TRANSFORMER DIVISION.

{. SUBGEST RECLAINING DUE TO LON INTERFACIAL TENSIOM AMD HIGH NEUTRALIZATION NUNBER.
2, SUGBESY RECLAIMING DUE TO LOW INTERFACIAL TENSION AHD HIGH NEUTRALITATION NUMBER.
3. SAMPLE IS 500D FOR CONTIMUED USE.
4. GANPLE IS5 500D FOR CONTINUED USE.

I HEREEY CERTIFY THAT THIS REFORT IS A TRUE RECORD EASED ON LABORATORY TESTS
FERFORMED IN ACCORDANCE WITH ALL APPLICABLE, CURRENT A.S,T.M. METHODS.
2 feo &
/ "
TECHNICIAN APPRDVED_q*_______{_____é%éi_udf _____

It is recoesended that a dissolved gas analysis be perforesd every six sonths to deteraine what gases are present in the pil and
what changes, if any, have occurred. Early detection of coshustible gases may indicate a possible salfunction in transforser.
Once diagnosed, an orderly saintenance plan can be scheduled thereby avoiding unexpected interruptions.

REPUORT DATE: 03/17/84



WEST INGHOUSE ELECTRIC CORFORASAaQT IONM

INDUSTRY SERVICES DIVISIONS LABORATORY
FITTSBURGH, PENNSYLVANIA
TRANSFORMER INSULATING LIGUID ANALYSIS

DIL ANALYSIS

WESTINGHOUSE ELECTRIC CORFORATION DATE TESTED: 5-17-84
F.O0.BOX 10460 CUSTOMER: MODJESKI 2 MASTERS
10 CALIFORNIA AVENUE LABORATORY NO.: B84-320
FRAMINGHAM, MA 01701 F. 0. ND.: BSENZBLOZ
6] &
TRANSFORHER SER. Ni. 5092998 9133514

SOURCE OF SAMPLE  MAIN TANKX BOTTOM NAIN TANK BOTTON

ANALYSIS RESULTS:
EENERAL CONDITION YELLOW CLEAR AMBER CLEAR

DIELECTRIC STRENGTH - KV{60 HI @ 25°() 4t.6 31.0
POMWER FACTOR - PERCENT(40 HI @ 23'[) 036 . 130
INTERFACIAL TENSION - DYNES/CH 23.8 18.8
NEUTRALIZATION NO. - ME KOH/GRAN 169 A3
EOLOR - AST¥ B-1500 1.5 2.3
MOISTURE - PPN 19 18

THE FOLLOWING SUGGESTIONS AND REMARKS ARE IN COMFLIANCE WITH
RECOMMENDED VALUES ESTABLISHED BY (W) SHARON TRANSFORMER DIVISION.

3. SAMPLE IS 60DD FOR CONTINUED USE.
6. SUBGEST RECLAIMINS DUE TO LOW INTERFACIAL TENSION AND HIGH WEUTRALITATION NUMBER,

I HERERY CERTIFY THAT THIS REFORT IS A TRUE RECORD BASED ON LABORATORY TESTS
PERFORMED IN ACCORDANCE WITH ALL AFPLICARLE, CURRENT A.5.7T.M. METHODS.

TECHNICIAN

At Al L e L e M A A LA Ak AL ML L Ml G s A Ll ek e T Y S bl Shkat v B T T T T PR YT FYPTY YTy YR T e i e e iy e e st e e

It is recoseended that a dissolved gas analysis be perforsed every six sonths to detersine what gases are present in the o6il and
what changes, if any, have occurred. Early detection of combustible gases may indicate a possible salfunction in transtoraser.
Once diagnosed, an orderly maintenance plan can be scheduled thereby avoiding unexpected interruptions.

REPORT DATE: 05/17/84



WEST INGHOUSE El EECTWR IO CORF
INDUSTRY SERVICES DIVISIONS
ANALYTICAL AND TESTING LABORATORY

PDLYCHLURDBIPHENYLS ANALYSIS REPORT

ESQ/ASFIBECKLEY ESO LAB#:34-520 DATE RECEIVED: GS/07/34

CUSTOMER. . . MODJESKT % MABTERS

FLOL#,. . BSENR2E&OD

S OK O IR KK R OIS K HOR KKK CKOROKIOR O K OK IOR O OK R RO RO RO R R ko ok ok Rk ko R R ¥
SeMELE TD: 5134237

DATE TESTED= O5/10/34

AROCHLOR 1242= O  PPM

AROCHLOR 1254= 24 FFHM

AROCHLOR Lém £ FFM

TOTAL = 24 PPM

COMMENT CODE= R...SEE SYMBQOL SHEET
SAMPLE #= 1
SAMFLE ID: ZIL1I33513
DATE TESTED= O5/10/84
AROCHLOR 1242= O FPFM
AROCHLOR 1254= & FFM
AROQCHILOR 1260= 9 FFM

TOTAL = 14 PPM

COMMENT CODE= R...S5EE SYMBOL SHEET
SAMPLE #= 2
SAMPLE ID: 20929560
DATE TESTED= 05/10/84
ARQCHLOR 1242= O PPFM
ARCCHLOR 1254= 1 FPM
AROCHLOR 1260= 0 PFM

TaTAL = 1 PPM

COMMENT CODE= F...SEE SYMBOL SHEET
SAMPLE #= 3
SAMFLE ID: 51944667
DATE TESTED= O5/10/85%
ARGQCHLOR 1242= O FPFM
ARGCHLOR 12534= 1 FFM
AROCHLOR 1260= 9 PFM

TOTAL = t PPM

COMMEMT CODE= R...S5EE SYMRBOL SGRHEET

SAMFLE #= 4

FANOTER¥ THE RESULTS REFORTED MERE ARE OBRTAINED BY THE METHODS RECOMMEMDED
BY THE U.&. EFA. THE DUALTTY AGSURANCE OF THE DATA MEETS THE STAMDARDS

OF THE U.8. EFA.

**********************************************272****** RARE AR R R R Rk

ENGINEER e v i w e v s prmern nn n.."...,TEc‘H/
AFPROVED HY:.%@. d@, (97422 é/
DATE 05/11/1934




WEST IMNMGHODOUSE ELLEOCTHRIES CORFRF
INDUSTRY SERVICES DIVISIONS
ANALYTICAL AND TESTING LABORATORY

POLYCHLOROBIFHENYLS ANALYSIS REPORT

ESO/ASF: BECELEY ESD LABH#:B4-520 DATE RECEIVED: O5/707/34

CUSTCOMER. . . MODJESKT % MABTERS

F.Q.#. . BOENIBEDZ

A R ORI O R AR RO R AR R AR AN R KRR R RN R AR RNk
SAMPLE ID: S022998

DATE TESTED= 05710784

ARODCHLOR 124%2= O FFM

AROCHLOR 12534= O FFM

AROQCHLOR 1240= 0 FFM

TOTAL = © FPPHM

COMMENT CODE= |....525E SYMBOL SHEET
SAMPLE #= 5
SAMPLE ID: S1335514
DATE TESTED= 05/10/84
AROCHL_OR 124%0= 0 FFM
ARCCHLOR 12%4= 12 FPM
AROCHLOR 1240 18 PPM

TOTAL = 25 PFPH

COMMENT CODE= . ..SEE SYMROL SHEET

SAMFLE #= &

FANOTExXx THE RESULTH REFORTED HERE ARE OBTAINED BY THE METRHODS RECOMMENMDED
BY THE U.5. EPA. THE BUALITY ABSURANCE OF THE DATA MEETE THE STANDARDS

OF THE .5, EFA.

RO OO oo R R ok R ok R oo cE R R R R R R

ENMGIMEER. ... .. .5u.i}....u;f....fTF H.
/M 1 )
ARFFROVED EV://;...u?akf..... Ny y M
DATE O0%/11/71984

IR R R R R R R R R R R R R RO R R kR R AR R KRR kK




WE ST IRGEHOUSES LCEIITR IO CCORF
INDUSTRY SERVICES DIVISIONS
ANALYTICAL AND TESTING LABDRATORY
POLYCHLOROBIPHENYLS ANALYSIS REFPORTY
ES0/AGR: BECKLEY ESO LAB¥: 34220 DATE RECEIVED: 0L/707/84
CUSTOMER. . .MODJESKIT & MASTERED
F.O. 8., BEENZBL0OR
FAR ORI O R R R o O ook R R ko A O o e o ek
SYMBOL DEFINITION SHEET FOR FCEB REFORTS
{#).. . AROCHLOR 1254 IS5 SUSPECTED OF BEING PRESENT AND IS INCLUDED IN THE 1250 AMOUNT
(B)...ARGCHLOR 1260 1S SUSPECTED OF BEING PRESENT IN SMALL AMOUNTS AND IS INCLUDED IN THE 1254 ANOURT
(€)...AROCKLOR 1254 1S SUSPECTED OF BEING PRESENT IN SMALL ANOUNTS AND IS INCLUDED IN THE 1242 AMOUNT
(D), .. AROCHLOR 1260 1S SUSPECTED OF BEING PRESENT IN SWALL AMOUNTS AND 1S INCLUDED IN THE 1242 ARMOUNT
(B} G{F)...BECAUSE OF THE +/- ANALYTICAL ACCURACY, THE SAMPLE(S) GHOULD BE COMSIDERED DUER {G0PPM FOR £ & SOOPPM FOR F)
t4),, . INFRARED SPECTRA CONFIRMS THIS SAMPLE 1S ASKAREL (400,000 TO 406, 000PPYM)
X}... INTERFERENCE IS5 PRESENT
N1, ., SANPLE RESULTS AS STATEDR
{L)...LESS THAN THE DETECTAELE LIMIT GF | PPN

{R).. . CORRECTED FOR RECOVERY

(RS), CORRECTED BY RECOVERY OF A XNOWM ADDITION OF PCB 7B SAMPLE



CLASSIFICATION OF SERVICE AGED TRANSFORMER QILS

It is virtually impossible to attempt to place a rigid interpretation on

the condition of a specific oil from one test or one test result, and from

this to make recommendations. However, certain groups of results will produce
patterns which can then be used to establish a picture of the oil condition.
Industry experience has developed a classification of four classes of service-
aged transformer oils.

GROUP T This group contains oils that are satisfactory for continued use.

GROUP IT  This group contains oils that require only minor reconditionihg
to continue in service.

GROUP III This group contains oils that are in poor condition. These should
be reclaimed or disposed of depending upon economic consideration.

GROUP IV  This group contains oils in such poor condition that it is technically
advisable only to dispose of them.

Reference here to "reconditioning" and "reclaiming” means:

RECONDITIONING is the removal of water and solids from oil. Typical equipment
includes several types of filters, centrifuges, and vacuum dehydrators.

RECLAIMING is the removal of deterioration products and usually is accomplished
by use of reclaiming processes involving fullers' earth alone or in combination
with ceytain chemicals,

The following table Tists the various recommended values for consideration of an
0il in a specific classification:

GROUP T GROUP 11 GROUP TII GROUP TV
OIL FOR OILS TO BE OILS TO BE | OILS TO BE
TEST CONT'D. SERVICE RECONDITIONED | RECLAIMED SCRAPPED
Dielectric Breakdown,
Ky 28 Less than 28 Low Low
Neutralization Number
mg KOH per gr. of oil up to .25 .25-.35 .35-.5 .5 & above
Interfacial Tension
dynes per cm. 21 21 18 16
Power Factor, 60 HZ,
250 C, percent 1.0 1.2 2.0 5.0
Moisture Content, ppm 25 35 above 35 --

No oil should be considered for continuing service if the dielectric strength cannot
be brought up to at least 28KV or if the moisture content cannot be held below 35 ppm.

Reprinted from: Protective Maintenance of Transformers by Gas-0il Analysis.
Published by Westinghouse - Sharon Transformér Division,
Sharon, Pennsylvania. Publication No. M7247




. | Significance of Test

Dielectric Breakdown ASTM D-877, D-1816 — The dielectric breakdown voltage is an important measure-
ment of the elecitrical stress which an insulating liquid can withstand without failure. It is measured by applying
a voltage between two electrodes under prescribed conditions under the liquid. It aiso serves as an indication
of the prasence of contaminants, particularly moisture and conducting particulate matter.

Dielectric testing should be made as described in the ASTM procedures. ASTM DB77 specifies a test cup
equipped with one-inch diameter vertical dis¢ electrodes spaced 0.100 inch apart and is reported as the
standard dielectric test value. ASTM D- 1816 specifies a test cup equipped with spherical electrodes spaced
0.080 inch apart. This cup includes a stirrer and is sensitive to small amounts of contaminants and is there-
tore primarily suitable tor use with new oils.

Neutralization Number, ASTM D-874 — The neutralization number is the number of milligrams of potassium
hydroxide required to neutralize the acid in one gram of the oil. It measures the acid content of the oil. With
service aged oils it can be used as an indicator of the presence of contaminants. The neutralization number is
most important in indicating chemical change of deterioration of the oil or in chemical change of additives . itis
a guide for determining when oil should be repiaced or reclaimed when the results are confirmed or support-
ed by other test data.

interfacial Tension, ASTM D-971 — The interfacial tension between the insuiating oil and water is a measure
of the molecular attractive force between the unlike molecules and is expressed in dynes per centimeter,
This test provides a means of detecting soluble polar contaminants and products of deterioration. Soluble
contaminants or oil-deterioration products generally decrease the interfacial tension value.

Power Factor, ASTM D-824 — The power factor is the ratio of the power dissipated in the oil in watts to the
product of the eHective voltage and current in voltamperes, when tested with a sinusoidal field under pre-
scribed conditions. A high power factor value is an indication of the presence of contaminants or deterioration
products.

Color, ASTM D-1500 — The primary significance of color is to observe a rate of change from previous
sampies of oil from the same transformer. Noticeable darkening in short periods of time indicate either con-
taminatjon or deterioration of the oil. A darkening color, with no significant change in neutralization value or
viscosity, usually indicates contamination with foreign materiais. The color of an insulating oil is determined by
means of transmitted light and is expressed by a numerical vaiue based on comparison with a series of color
standards.

Pour Point, ASTM D-97 — The pour point is the temperature at which insulating oil will just flow under pre-
scribed conditions. The pour point is useful in determinging the type of equipment in which a given ¢il can be
used, but has hittle significance as far as contamination or deterioration are concerned.

Specific Gravity, ASTM D-1298 — The specific gravity of insulating oil is the ratio of the weights of equal
volurmes of oil and water at 15,56 °C(60 °F). The specific gravity may be pertinent in determining the suitabil-
ity for use in specific application.

Viscosity, ASTM D-88 — The viscosity of insulating oil is its resistance to uniformly continuous flow without
turbulence, inertia or other forces. It is usually measured by timing the flow of a given quantity of oil under
controlled congditions. A marked viscosity increase accompanied by an increasing neutralization number and
darkening color, couid also indicate deterioration of the oil due to oxidation.

Moisture Content, D-1533 — The presence of free water may be observed by visual examination in the form
of separated droplets or as a cioud dispersed throughout the oil. Water in selution is normally determined by
physical or chemical means. It is measured in parts per million. Water invariably causes decreased dielectric
strength of the oil.



WESTINGHOUSE ENGINEERING SERVICE

TRANSFORMER CONDITION REPORT
' Job #BSEN-286

Customer Modjeski § Masters

Location_Buzzards Bay R.R. Bridge/Cape Cod Canal

Circuit or Application 4160 Volt Bank

. 5133514
Mfgr OGeneral Electric . Type H Form KF Serial 57134237
5133513
Rating KVA__ 150 KVA Ea. Pri. V. __2400/4160 Y Sec. V. 240/480
Single Phase 3 Single Three Phase Auto
Pri. Connection 4160 Sec. Connection 480
Pri. Taps H1 -HZ Sec. Taps X1-X4 Tap Setting
Lry ‘lype 0il Type X Inerteen Type
A VISUAL AND MECHANICAL INSPECTION
1. Check Primary, Secondary and Ground Connections QK
2 Clean and Inspect Porcelain Insulators 0K
3. Check Tap Connections and Tap Changer N/A
4. Vacuum, Clean or Use Air to Remove lust-Dry Type OK
5. Inspect Bushing Clumps and Gaskets OK
0. Inspect Cover and Hand-Hole Gasket Seals OK
7.  Chech for 0il Leaks and External Damage to Radiators OK
8. Inspect for Gus Leaks-Inert Air Type Units N/A
9. Check Liquid Level *
1o, Check Accessories for Condition and Operation N/A
B. ELECTRTCAL TESTS - (Megohms)
1. Insulating Resistance Hi To Low & Ground 100+
Low To Hi & Ground 100+
Hi-Low To Ground 100+

-

2. Insulating Liquid Dielectric Test KV See Analysis Acidity -

Remarks: *Liquid level low but not dangerous. Should top off level with make-up

cil.

By S. Wilson/S. Frazier/W. Murch Date 5/2/84




WESTINGHOUSE ENGINEERING SERVICE

TRANSFORMER CONDITION REPORT

Customer Modjeski & Masters

Job #BSEN-286

LocationrrBuzzards Bay R.R. Bridge/Cape Cod Canal

Circuit or Application_ 15 KVA Bank - Normal Lighting

Mfgr General Electric Type HH Form N, Serial Bank gggiggg
5092960
Rating KVA 15 KVA Ea. 7 Pri. V. 2400/4160 Y Sec. V. 120/240V
Single Phase 3 Single { Three Phase Auto
Pri. Connection 4160V Sec. Connection 120/240
Pri. Taps Hl - H2 Sec. Taps X1 - X4 Tap Setting
bry ‘lype 0il1 Type X Inerteen Type
AL VISUAL AND MECHANICAL INSPECTION
1. Check Primary, Secondary and Ground Connections OK
2. Clean and Inspect Porcelain Insulators OK
oA Check Tap Conncctions and Tap Changer N/A
3. Vacuum, Clean or Use Air to Remove lust-Dry Type OK
5. Inspect Bushing Clamps and Gaskets OK
b. Inspect Cover and Hand-Hole Gasket Seals OK
7. Chech for 0il Leaks and External! Damage to Radiators OK/N/A
5. Inspect for Guas Leaks-Inert Air Type Units N/A
9.  Check Liquid Level No Sight Glass
10. Chech Accessories for Condition and Operation N/A
B. FLECTRICAL TESTS - (Megohms)
1. Insulating Resistance Hi To Low § Ground 100+
Low To Hi & Ground 100+
Hi-Low To Ground 100+

)

2. Insulating Liquid Dielectric Test KV See Analysis Acidity -

Remarks: Loose rotting insulation on cable at XFMR. Connection on HZ middle

and Hl right.

By S. Wilson/W. Murch/S. Frazier Date  5/2/84




APPENDIX B
MECHANICAL EQUIPMENT TESTS

Trunnion Bearing Report from Bearing Manufacturer
0il1 and Grease Analysis by Ana-Laboratories, Inc.

Plumbing Inspection by Jackson Plumbing and Heating, Inc.



District Qffice

TORRINGTQN North American Sales

Part of worldwide Ingersoli-Rand The Torrington Company
71 McMurray Road
Pittsburgh, PA 15241
(412) 831-5454

Mr. Milton C. Stafford, P.E. July 20, 1984
39 Union Avenue
Bala Cynwd, Pa. - 19004

Dear Mr. Stafford:

On May 7th and 8th, I was present, at your request, on
the Buzzard's Bay Railroad Bridge in Cape Cod, Massa-
chusetts. While there I inspected 2 main bearing
assemblies (U-412Q) used on the lift sheaves. The main
bearing assembly is composed of a cylindrical roller
bearing with a spherical outer race. This cylindrical
bearing is mounted in a pillow block in conjunction
with a thrust bearing which is piloted on the outboard
end cover.

The following is a description of the above mentioned
inspection. The first assembly inspected was in the
South Tower, the West-most block. The end cover that
contains the thrust bearing was removed for ease of
inspection. Initial examination revealed metal debris
in the grease. The amount of the debris present war-
ranted cleaning the entire bearing to determine the ex-
tent of the damage. This cleaning was done using kero-
sene which completely removed all the grease and con-
taminants from the bearing. I was then able to do a
thorough inspection of the two bearingsin this block.

Inspection of the cylinder roller bearing revealed that
all bearing components still displayed their original
grind pattern. There was no indication of wear and no
apparent damage from the debris. The diametrical clear-
ance was measured and found to be .011".

The thrust bearing was removed and cleaned. It was
marked serial no. 16, The original grind pattern could
be seen on both the flat washer and the spherical
washer. The rollers all appeared to be in good condi-
tion. There were a couple of rollers that exhibited
water etching. This water etching was superficial and
polished off with 240 grit emery paper.



TORRINGTON
Fart of worldwide Ingersoli-Rand

Mr. Milton C. Stafford, P.E. ~-2- July 20, 1984
39 Union Avenue
Bala Cynwd, Pa. - 19004

The end cover of the pillow block was the reason for the
metal debris in the bearing. The top half of the thrust
bearing pilot that extends out from the center of the

end cover had been worn away. This wear appears to have
come from the flat washer of the bearing dropping down
when the thrust load was in the opposite direction. The
wear was on the top 180° of the pilot, back approximately
3/8 of an inch and had taken approximate 3/8 of an inch
off the diameter.

The second bearing assembly inspected was the North Tower,
East Block. The cylindrical bearing was found to be full
of grease. There were no contaminants in the grease so
it was not cleaned. The bearing was throughly examined
with a wire. No signs of damage were found. The diamet-
rical clearance of the bearing was measured and found to
be .014".

The thrust bearing in this block was also removed and
thoroughly cleaned. The flat washer exhibited an excellent
contact pattern with no abnormal wear. The spherical
washer had a straw color discoloration where the innermost
set of rollers also exhibited the straw color discolora-
tion. A few of the rollers again had superficial water
marks which were polished with 240 grit emery cloth.

Approximately two weeks after my inspection you sent me 8
packages containing debris that had been removed during
inspection of the remaining 14 blocks. I, in turn, sent
these to our Engineering Department so they could be
checked for material content. By using a scanning electron
microscope it was determined that the material in all 8
cases was end cover material and not bearing material.

In a telephone conversation you mentioned that quite a few
thrust bearings displayed heat discoloration. If the
bearings have seen excessive heat it will soften the com-
ponents leading to an early failure. Because of this I
would recommend replacement of any of the thrust bearings
that exhibit the straw or blue discoloration due to heat.

If we can be of any further assistance to you in the future
please do not hesitate to contact us.

Very truly yours,
/!

AN

? Y Ay i -
LS A SP PRI A < B
el ’

Bill Slusarczyk
Service Engineer

ak



WHERE AN OIL COOLS & LUBRICATES - WE PLAY A VITAL ROLE 1IN MAINTENANCE, MANAGEMENT & FINANCIAL DECISION

./4 na-o[Zréomtis, ne. (AL, )

LAB
113 Harging Avenue
4/8/84 Beltmawr, N. . 08031

(609) 931-0071
* MILTON C.STAFFORD P.E (800} 257-7696

39 UNION AVENHE
BALAy CYNWYD. PA. 19004

M% ATTN! MR. NILTON STAFFORD:P.E.

SIIMMARY REPORT ON OIL ANALYSIS FOR 20 UNITSS J/
e

—t

nll Free (800} 2%7-7894

g/v . v : v v /
TBYS, TB7M. THBN, GREASE: NRAILLO, SRAILLO. GEAR OTIL: TBZN+ TEB1S. TBAS. TRBINs TBAM, TBAS» TBSS. TBZS,

TR35+ TR7Gy TEIN: TR3N» TBEﬂ; GREASES SSPANLD: NSFANLDy GEAR DIL.
\ v v v v [

R UNITS MEEDING TMMEDIATE ATTENTION - TAKE CORRECTIVE ACTION?

e

-
w‘{

Hone,
UNITS NEEDING CLOSE WATCH AR CORRECTIVE ACTION!
e None,
UNITS SHOWING HODERATE WEAR:
TEBBS, GREASE. WEAR METALS - gear/bearing (copper) -moderately high (abnormal).

TB7¥%» TEBNs GREASE. WEAR METALS - gear/bearing (copper) Lead wear azv be from bearing sbushing or
shime/spacersete, -noderately high (abnormall,

MRAILLO. GEAR OIL, WEAR METALS - gear/bearing (iron) -MILDLY ABOVE MORM (ACCEPTABLED. . LUBE CONTAM,-
Combined contaminants (various TYPES)- -ACCEPTABLE. . Continwe scheduyled maint, orogram. Resamsple per vour
schedule. 0il drain may be extended,

D = Combined contaminants (variovs TYPES)- -ACCEPTABLE. . Advise monitoring. Since Jube contaminants are
Egé!ﬁ;gyﬂf normalsthis wear is attributed to operational &/or mechanical &/or extende drain &/or bresk-in (When new)
reasons. E£all lab if you desire to discuss.

='£%§§§; SRATLLO, GEAR OIL. WEAR MEVALS - gear/bearing (iron) -moderately high (abnormal), . LUBE CONTAH.-

TB2N+ CREASE. WEAR METALS - gear/bearing (iron) (copper) -HILDLY AROVE MORM (ACCEPTABLE).

TB1Sy TR4Ss TRSNy TRENy TRESr GREASE, WEAR METALS - gear/bearing (iron) (copper) -moderately high
(abnormal},

TBSSy GREASE. WEAR METALS - gear/bearing (iron) (copper) -moderately high (zbnormall. .

TB2S» TR3S» TB7S: GREASE, WEAR HKETALS - gear/besring {iron) (copper} -high (shnormal),



WHERE AN OIL COOLS & LUBRICATES WE PLAY A VITAL ACLE INMAINTENANCE, MANAGEMENT & FINANCIAL DECISION

| _/dm-oaéomts, ne. (AL, )

4/8/84 PACE 2

LAB
111 Harding Avenue

MILTON C.STAFFORD P.E ! ATTN! MR, MILTON STAFFORD.P.E. Belimawr, N. J. 08031

s 1609) 931-0011
: _ (800) 257-7896

TRiN, GREASE. WEAR METALS - gear/bearing (iron) (capger) -high (zbroramal) .

-~

TB3N: GREASE. WEAR METALS - gear/besring (iron) {copper) (aluminum) -high (zbnormzl).
7ég§ TE4Ny GREASE. WEAR METALS - gear/beatring (iron) (capper) {aluminue) -high (zbnoraal) .
SSPANLDy GEAR DIL. WEAR METALS - gear/bearing {iron! Lead wear aay be frow bearing rbushing or

shims/spacereete, -MILDLY ABOVE MNORM (ACCEPTABLE}. . LUBE CONTAM.- Combined rontaminants (variows TYPES)-
-4CCEPTABLE., . Contimme scheduled a3int, prograa. Resample per your schedule. Dil drain way he extended,

o N
- IINTTS SHOWING MINOR WEAR!
Nene.
THE REMAINING UNTTS ARE SATISFACTORY OR STEADY.
S . RESPECTFULLY SUBMITTED.
: 4@,‘.‘

SADIA ALI
PROBUCT/PERFORMANCE EVALVIATOR




IMPORTANT * HOW TO INTERPRET TEST DATA * READ CAREFULLY

Our test data is divided into six conditions as shown below. Tha respective corrective action
is aiso indicated. The condition is determined by comparing test data against general trend/trend
of similar fleets/irend of the same Heet and trend of the same unit from test to teat.

THE SIX CONDITIONS ARE AS FOLLOWS:
(Please note our wider range of conditians)

CONDITION INDEX CORRECTIVE ACTION
6 EXCESSIVE/UNACCEPTABLE Must take corrective action before further use.
Critical Contact lab to discuss. Resample immediately

recheck to confirm seripusness of condition.

5 HIGH/UNACCEPTABLE Monitor closely or take corrective action.

Abnormal and/ Imrnediate or half interval sampling as requested
or Critical to monitor seriousness of condition.
4 MODERATELY HIGH Monitor closely or take corrective action.

Abnormal/Unacceptable Send half interval recheck to monitor rate of
increase and determine sericusness of
abnormality.

3 MILD/ACCEPTABLE Monitor by sending recheck sample as
requasted so that the rate of increase may be
monitored for its seriousness.

2 MODERATE ) Lab will monitor. Follow normal operation
Normal/Acceptable and sampling. The sample shows minor trend
change since last report.
1 SATISFACTORY Lab will monitor. Follow normal operation
Normal/Acceptable and sampling.

RECOMMENDATIONS are divided into: a. Conditions of the wear metals and their severity;
t. Conditions of various lube conmaminanis and their severity; c. Corrective action axdvised.
Each time a sample is received it is recorded on its own report card and a diagnostic inter-
pretation of test data is given. Because of limited space all the severe findings are reported
first. THE UNMENTIONED VALUES SHOULD BE CONSIDERED SATISFACTORY OR MILD.

FATIGUE WEAR/SNAP OFF: Undue stress and sirain cause FATIGUE WEAR to
matal parts in a lubrication system. Metal particies
generated may be so large that thay may not stay
suspended in oil. Also, particles may not be generated
due to snap off of a part (misalignment, abuse, etc.
causes FATIGUE WEAR)

FRICTION WEAR: Spectrochemical analysis (from any source) measures
only floating wear metals in oil which are generated by
the friction betwean moving parts.

NOTE: Summary letter report Is provided only when four or more samples are received at one time.

All the acceptable values of Wear Metals and Lube contaminants listed below are greatly
atfected by the following: age of unit; design/type; hr./miles on oil & unit; operational
kad/driving habit; road condition; fitter/cil type and their duration of change.

ACCEPTABLE LEVELS OF TYPICAL WEAR METALS SHOWN BELOW:

METALS (P.P.M.) CONTRIBUTING ENGINE SYSTEM

{Number indicates parts per million (P.P.M.}
Aluminum 0-15
Copper 0-30 Bearings, bushings, and vaive guides
Lead 0-20 . .
Tin 0-.20 Lead level N/A Gasoline Engine
Silver 0- 5

] ) Valve(s)
Nickel 0-10 No vaive il cast iron pistons
lron NV .
Aluminum 0-25 Pistons
Chromium 0-20
Molybedenum 0-15 Ring/Liner (Cylinder)
Iron 0-145

Other metals of interest are also monitered, i e., cadmium/manganease, etc.

ACCEPTABLE LEVEL OF QiL CONTAMINANTS

CONTAMINANTS LEVEL ' SOURCE
Sodium (P.P.M.) (Variable) Qil additive, coolant, snvironment
Boron (P.P.M.) R:ariable; Oil additive, coolant
Silicon (P.P.M.) ariable Qif anti-foam agent, anti-freeze
Silicon {P.P.M.) 0-25 Dust, dirt, or other abrasive
Water % by Vol. 0.1%
Solids (Carbon, Soot, etc.} 0-5%/Vol. Blowby product
Fuel % by Vol. 02 Leak

Free acid and additive packages are satisfactory
when unreported. TAN, TBN are reported when
requested by the customer.

Lubricity: Measure of crank case deposit and depletion of detergents
i.e. Gum/Varnish/Oxidation Product.

Lubricity Codes: N/S
B

g

Normal; F/A = Acceptable; P = Poor
Critical

o -
¥ (=]

QL g

. o
o] =]
SAE GRADES

CRANKCASE
OILS
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GEAR OILS
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COMMENT — You must contact the lab when your findings fail to agree with the lab reports. Oil analysis results are 85% of the story. In all cases cooperation of the laboratory and the customer is
important for proper interpretation of data. Services are advisory only. Liability limited to the cost of analysis. ** Additive reading is quantitative,

ANA-LAB PERSONNEL EXPERIENCE EXCEEDS SEVERAL MILLION OIL ANALYSES. THIS INCLUDES ALL TYPES OF MECHANICAL LUBRICATED SYSTEMS, INCLUDING THE U.S. NAVY
SUBMARINES AND U.S. COAST GUARD SQUADRONS. THUS OUR OUTPUT IS MORE IN DETAIL THAN SEEN ELSEWHERE IN THE MARKET PLACE.

Additional information is available upon request.

% 1883 by ANA Labs Inc.




Ana Yaboratoves, Ire. (A E, F)

111 Harding Avenue » Bellmawr, New Jersey 08031 « (609) 931-0011
Toll Free {(800) 257-7896 (except NEW JERSEY)

MILTON C.STAFFORD P.E * Attn MR, MILTON STAFFORDsP.E. * YOURCOMPUTER NAME MILSTA e
29 NNTON AVENIF 215/4484-7741 * YOUR COMPUTER UNIT I1.D. NRATL LD
BALAr CYNWYDs PA. 19004 * Type GEAR DIL ;
* Copies * Make N. RATL LNOCHK
Attn? MR. MILTON STAFFORDsF.E, * Model i
* Sump capacity
TEST LAB CUSTOMER SAMPLE REC'D HOURS/MILES oIt atL FILTER * Type of operation ‘ o
NO NO SAMPLE DATED PROCESSING DATE S Y5 EM oIL ADDED  DRAINED CHANGED Oil type:
* Add pkg: ** Molybsdenum Megnesium Caicium Barium W\I ch
1 P5412 0700/ 0  4/04/84 * 15 35 37 1
2. * Full flow filter .
3 * Bypass filter o -
4 + Test type: .

EST DATA 1. 2 1 44 97 2

. <141 £,05 0.10 A i
WEAR NETALS - gear/bearing (iron) -NILDLY ABOVE NORM (ACCEPTABLE). . LUBE CONTAN.- Coabined contaminents {variovs TYPES)- —ACCEFTABLE
progran. Resample per your schedule. Dil drain may be extended.
EST DATA 2.
ESTDATA 3
EST DATA 4.
EST GATA 5.
g - e B T . 0! b
’ COMMENTS ) . CHECKS
. 9-THIS SILICCN MAY OR MAY NOT BE 4BRASIVE. POSSIBLE SOURCES —may have entered during sample 5— No recommendatian posssble due 10 msutficient information. Call lab of necessary.
- Q taking- 5hicon gasket sealer, silicon type addinive, efc E—Very 10w wear metals &/or lube contamnants (solids in parhicular) indicate low Time (maley &for hoursl on ol
TZ 2-LEAD- As wear metai tead 15 from bearing, bushing. As contaminant it may be from gaspline, starting fluid, SEE T—Chedk tor metal chups in anl . Cail lab 1o discust
U lead type gaske: sealers, paints, e1c s sevenity s1atus can be best determined by the operator. Our recommerkialion B—Check far possiiie moisture built up 1 The (ube due to cold OPeration, Gver 1YNG, MOIStUre In New lube, ete,
E« toi corrective action varies rom customer 10 customer and operation 1o operanon. Caution Call lab, «f needed REVERSE 9-The abnormalities in this case [1f any] are probably due to mechanical &/or operational rassons. Call laby to dncuss.
n;‘ 3-ANA1LYSIS FAILS-See reverse sicke {Fatigue Wear| 11— Check tor over diing, lugging, 100 rich airftuel mix, o too long ol dram intervals
82 4—Improved conditions may be due 10 law time {rules or hours) on ol /reduced (oad. sIDE 11 -Check tor dwr/alt breathed 1o or splashed in lrom road.
4
E

12 Check lar saap, detergent splashed in duning cleaming, e1c
17 L ced rdosrmal e o arreant.oan chant Fan e 1A nABBIann Ate fmcting and reCoOmMendatinn



Ana Faboralowes, Sne. (A L, P

111 Harding Avenue » Betimawr, New Jersey 08031 « {609) 931-0011
Toll Free {800} 257-7896 (except NEW JERSEY)

MILTON C,.STAFFORD FP.E * Attn MR, MILYTON STAFFNRD+P.E. * YOURCOMPUTER NAME MILSTA s
39 LINTON AVENIIE 2AL/444-2741 * YOUR COMPUTER UNIT 1.D. SRATILLD
BALA» CYNWYDr PA. 19004 * Type GEAR OIL
* Copies * Make S0. RATL LODCK
Attn! MR, MILTON STAFFORD«F.E. * Model _
* Sump capacity
TEST LAB CUSTOMER SAMPLE RECD _HOURS/MILES oL oIL FILTER » Type of operation - i
NO NO SAMPLE DATED PROCESSING DATE = ag, ™ OlL ADDED  DRAINED CHANGED Ol type: - s
* Add pkg: ** Molybsdenum Msgnesium Caicium Barium Phosphorus  Zinc
| NS413  0/00/ 0 hI0L/RE * 72 337137 28
2. # Full How filter
3 * Bypass filter " o
4. + Test type: B
5 RO. PO o

WEAR ELEMENTS!P.PM.

,,,,,,,,,,,,, / T30
& 3 =
3 . Iy > {100F or) &
& 8 > ] & P i
& s &8 ¢ S & & £ $ 210F &
N s & 5 & § < & ¢ ; : 3 ;
EST DATA 1. 3 71 467 105 7 7 2 1447 3 7 <1 <05 0,10 A ‘ 20U
R WEAR METALS - gear/bearing (iron) -moderately high {(abnormsl). . LUBE CONTAM.- Coabined contaminants (various TYPES)- -ACCEPTABLE. . A
contaminents are norselrthis wear is atiribuied to operational L/or mechanical &/or extende drain X/or break-in (when new) ressons. {al desire to
discuss.
EST DATA 2.
EST DATA 3
EST DATA 4.
i .
(87
"ESTDATA 5.
COMMENTS S CHECKS
. 1 -THIS SiLICON MAY OR MAY NOT BE ABRASIVE POSSIBLE SOURCES-—may have entered during sample 5 No recommendart:an possible due to insulficient information. Cali lab if necessary.
) taking -5 hicon gasket sealer, sihcon type additive, etc, 6 Very ‘0w wear metats &for lube confaminants {30hds in gar ticular ) indicate tow tme (miles &/or hours) on o
1< 2-LEAD As wear meral lead s from bearing, bushing: As cantarmmnant 11 may be hrom gasohine, starting lu.d, SEE 7-Check lor metal chips «n oil. Catl Jab 1o dyscuss
9",' lead type gaske: seaters, paints, e1c. 1Us sevenTy status can be best dererrmned by the operator. Qur recommendat.on 8—Check tor possibie moisture built up 0 the lube dut 10 cold operanion, over «dhing moisture In new lube, etc.
‘;4 for corrective acnion varies from customer 1o customer and operaton to operation. Cauton. Call iak, 1f needed. REVERSE §_The abnormalilies in this case Gif any) are probably due to mechancal &for operational reasons, Call 1ab to discuss
L: 3-ANALYSIS FAILS—See reverse side (Fatigue Wear) 10-Check Yor over xdhing, lugging, too nch air fluel mix, of 100 long o)l dramn intervals.
82 4—Improved conditions may be due 10 low ime [miles or hours) on ad freduced load. leE 11 Check for dirtfsalt breathed i or splashed in from road
G 12 Check for soap. derergent splashed .n during cleaning, #1c

Al s =r rhane mam laad cn maAnranc ATA 1ALIAG AR FREOMMencanian



Ana Laboraloies, Ine. A £, F)

111 Harding Avenue + Bellmawr, New Jersey 08031 « (609) 931-0011
Toil Free (800} 257-7896 {axcept NEW JEASEY)

MILTON C.STAFFORD P.E * Atn MRs MTLTON STAFFORDsP.E. * YOURCOMPUTER NAME MILSTA L
39 HNTNN AVENIIE MG/ HAG-27 41 * YOUR COMPUTER UNIT LD, NSFANL N
BALAy CYNWYDs FA., 19004 * Type GEAR OIL
g Ao * Copres * Make N, SPAN LNCK
Attn!: MR. MILTON STAFFORD.F.E. * Model ) ~
% Sump capacity
TEST LAB CUSTOMER SAMPLE REC'D HOURS/MILES oiL oIL FILTER * Type of operstion o .
NO NO SAMPLE DATED PROCESSING DATE > Yot o1 ADDED  DRAINED CHANGED Oil type: ‘ -
’ # Add pkg: *= Molybsdenum Msgnesium Caicium Berium Fhosphorus  Zinc
1 DSA10  0/00/ 0  A/0A/84 » 10 9" 4 15
2. + Fuli flow fiiter . -
3. * Bypass filter
4 * Test typs: } w W
5

R.O. PO

{100F or}
§ 5 210F
= L
LN %5 (ﬁ ~ AT
: =
TEST DATA 1. 2 1 10 48 1 251
Satistactory values,

T DATA 2
TEST DATA 3
s
13
TEST DATA 4
2.9
;5
TEST DATA 5.
=5
FE

: . RS, & .
COMMENTS CHECKS
1-THIS SILICON MAY OR MAY NOT BE ABRASIVE. POSSIBLE SOURCES—may have entered during sampie 5-—No recommendation possible due 1o insufticignt information. Call igh f necestary.

) taking- 5.hcon gasket sealer, sihican 1ype additive, e1c. B—Very low wear metals &/ov lybe contarminants (3ohds 1 particuiar) ndicate low time {miles &/or hours! on o

Iz 2-LEAD- As wear meta! lead 5 from bearing, bushing. Ay CONtamINant 11 may be fram gasohne, starting N, SEE 7—_Chet & for metal chips in o1l Call 13b to discuss.

o o lead type gaske! sealers, paints, etc. It seves ity s1a1us can be best determined by the operator Our recommendanion B—Check for possibie moisture budl up in the lube due to cold operation, over 1dhng, MoIkture in new lube, et

Tg far carrective ac1ion vares Irom customer 1o customes arnd operation to operation, Caution, Call lab, if needed REVERSE 9-The abnormalsties 1n thas case {if any} are probably due 10 mechanical &/or operstional reasons, Call 1ab to discuss.

:;‘ 3- ANALYSIS FAILS-See reverse side |Fatigue Wear) 10— Check for over wihing, lugging, 100 rich air ftuel mux, or too long od dram intecvals.

82 4 Improved conditions may be due 1o low e (miles or hours) on ail freduced load. SIDE 11—Check for dirt/salt breathed in or splashed in from road

ol 12 Check lor soap. detergent spiashed in during cleaning, eic

Tl # 5ner mlmemasse ae cnetrasran shaet a0 laad 10 ABAAIANRATE 1Mhag And Fecommendation



na Fataoralowes, Ine. (A L)

111 Harding Avenue « Bellmawr, New Jersey 08031 « (609} 9310011
Toll Free (800) 267-7896 {(wxcept NEW JERSEY)

MILTON C.STAFFORD P.E *® Attn MR, MILTON STAFFORD+F.E. *® YOURCOMPUTER NAME MILSTA i
29 HNTON AVENIIE 215/4A4-2741 * YOUR COMPUTER UNIT 1.D. S5FANLD
BALAY CYNﬂYDv PA, 19004 * Type ' GEAR OIL Ep
* Copres * Make . S, SFAN LAOCK
Attn! MR. MILTON STAFFORD.F.E. * Model
# Sump capacity
TEST LAB CUSTOMER SAMPLE REC'D HOURS/MILES oI oL FILTER # Type of operation i s
NO NG SAMPLE DATED PROCESSING DATE S TSJEM oIL ADDED  DRAINED CHANGED Oil type: it
* Add pkg: ** Molybsdenum Magnesium Caicium  Barium Mrasghorus  Zinc
1. DS411 0/00/ 0 A/04/R4 * 14 107 8
5 * Full fiow filter
3. " * Bypass filter e
4. » Test type: .
5 R.O. ' PO e

_ 2 <1 3% 137 1 7 2 7 <1 L1 <,05 0,10 A
WEAR NETALS - gear/bearing (iron) Lead wear say be from bearing sbushing or shias/spacerretc, -HILDLY ABOVE NORM (ACCEPTABLE), . LUBE GfBEie
{(various TYPES)- -ACCEPTABLE. . Continue scheduled mzini, program. Resample per your schedule. Dil drain may be extended.

"EST DATA 5.

ik

.7 AN i e
COMMENTS CHECKS

t-THIS SILICON MAY OR MAY NOT BE ABRASIVE. POSSIBLE SQURCES—may have entered during sample 5—No recommendation posuible due 1o :nsufhcient informeton, Call fab if necessary
Y taking siheon gasket sealer, sihcon 1ype addive, et 6-Very low wear metals &/or lube contaminants (s0lds in particudar) inchcate low time (miles &/or hours) on oil.
gz 2- LEAD- As wear metal lead 3 from bearing. bushing: As contaminant it may be from gasoling, starting flud, SEE 7—Check for metal chips wn ol Call 1ab 1o discuss.
o lead type gaske: sealers paints etc. Its severdy status can be best determined by the operator. Qur recommendanon B-Check tor possibne moisture built up w the lube due 10 cold operatian, over 1dling, mossture 1N new lube, etc.
ES for corrective action vanes from customer 10 customer and operation 1o operatian. Caution. Calt lab, if needed REVERSE 9_The abnotmalifies (n this case (if anyl are probably due ta mechanical &/or operational reasons. Call 1ab 10 dacuss,
2 3-ANALYSIS FAILS—See reverse side (Fatigue Wear). V0. Check tor over «dling. lugging, 100 rich airftuel mix, of 100 long oul deam intervals,
8; 4—tmproved conditions may be due 10 low time (rules or hours) on ol freduced load. leE 11--Check fosr dirt/salt breathed in o splashed 16 Irom road
o

12-Check for soap, detergent splashed n during cleaning, etc.

wmm s ms nen e A aad rarm AT anAdLr AR



Ana Latoraloies, Ine. A L, F)

111 Harding Avenue « Bellmawr, New Jersey 08031 « (609] 931-0011
Toll Free (800) 257-7896 (except NEW JERSEY)

MILTON C.STAFFORD P.E * Aun MR, MILTON STAFFORDsP.E., * YOUR COMPUTER NAME MILSTA - i
29 UNTON AUENIF P15 /4644-7741 * YOUR COMPUTER UNIT 1.D. TEIN ‘ T
BALAry CYNWYD, PA. 19004 * Type GREASE
- * Copies * Make
Attni MR, MILTON STAFFORDsF.E. # Model
* Sump capacity
TEST t.AB CUSTOMER SAMPLE REC'D HOURS/MILES oL oL FILTER * Type of oparstion .
NO NO SAMPLE DATED PROCESSING DATE = lgon ™ oI ADDED  DRAINED CHANGED Oil type: 5t BUTEY

* Add pkg: *+ Molybsdenum Magnasium Caicium Barium "‘",f“““ Zinc
117 49 4895 127 151 251

N5407 /007 0 A/DL/REG
Full flow filter
Bypass filter

* x ® x

t
2.
3
4.
5.

R.C. PO

- - L P,
TEST DATA 1. 4 1 1404 4%4 45 45 ? 1135 7 2467 2 4AR
15 WEAR METALS - gear/bearing firon) (copper) -high (abnoraal)

N . A, % it
COMMENTS o CHECKS : L

¥ -THIS SILICON MAY OR MAY NOT BE ABRASIVE. POSSIBLE SOURCES—may have entered during sample 56— No recommendation possible due to insutficient informanon. Call lab  necessary

s} tahing - 1hican gasket sealer, s)icon type additwe, elc 6—Very Iow wear metais &/or lube contaminants (sohds in particular] indicate low time (mailet &/or hours) on ol

IZ 2-LEAD- As wear metal lead 15 trom bearing, bushing: As contaminant it may be from gasoline, starting Nuid, SEE 7-Ched k for metal chips in oil. Call (3 1o discuss

g o lead type gasket sealers, paints, efc Ifs severily status can be best derermined by the operator Qur recommendation B-Check for pussibie moisture buill up in the lube due o cold OPeraton, aver hng, MoIRturE 1IN newy lube, e1c.

53 for corrective action vanes from cusfomer ta custamer and operation 10 operanan Cautan, Call lab, «t needed REVERSE g...zhg alinormahiies «n thus case [if any) are probably due 10 mechanical &/or operational reasons. Call lab to disCuts

a 3-ANALYSIS FAILS—See reverse side |Faugue Wear}. 10- Check far aver wdling, lugging, 106G rich air/tuel mix, or 100 tong ol dram intérvils,

8; 4—Improved conditions may be due 1o low u?ne lmules ar hours} on ol reduced Joad SIDE 11 -Check tar dirt/salt breathed in or splashed n from road

P

127 -Check for soap. detergen splashed i during leamng, ote
PR P .

fee e mm bl mam bpad dn man

rate raetinn and recommendannn



na Yatoratoies, e, (A L, FP)

111 Harding Avenue » Bellmawr, New Jersey 08031 «» {609} 931-0011
Toll Free {B0Q) 257-7896 (sxcept NEW JERSEY)

MILTON C.STAFFORD P.E * Attn MR. MILTON STAFFORDsP.E. * YOURCOMFUTER NAME MILSTA
29 LINTON AVENIIF 1S/ 6484-27 81 * YOUR COMPUTER UNIT 1.D. TE?N
Eﬁ!.ﬁr CYNWYDy PA. 19004 * Type GREASE
* Copies * Make
Attn! MR. MILTON STAFFORDsF.E. * Model )
* Sump capacity
TEST LAB CUSTOMER SAMPLE REC'D _HOURS/MILES oiL oIL FILTER * Type of operation )
NO NO SAMPLE DATED PROCESSING DaTE Y5 EM oIl ADDED  DRAINED CHANGED Oil type: -
* Add pkg: =* Moiybsdenum Magnssium Caicium Barium Phosphons  Zinc
1 PS403 0700/ 0 4/04/84 » ' 89 14 28?9 108 133 117
2 # Full flow filter
3 = Bypass filter ) o
4. # Tast type:
5 R.O. i PO -

ESTDATA 1. 4 <1 707 164 30
o WEAR METALS - gear/bearing firon) (copper) -WILDLY ABOVE NORM (ACCEPTABLE).

: . . e S . B ot & i
COMMENTS CHECKS R S
) 1-THIS SILICCN MAY OR MAY NOT BE ABRASIVE. POSSIBLE SOURCES—may have entered during sample 5_ Mo recommendarnion possible due to insufficent iformanion. Call tab + necessary

s taking silicen gaskel sealer, silicon type additive, eto £- Very low wear metalt &/or lube contaminants {sohds in particular) ndicate low time {mides &/or hoursl on o1l
55 2-LEAD- As wear meal lead 15 from bearing. bushing, As contaminant it may be f1om gasoline, starting flud, SEE 7-Cheuk tor metal chips 1n oil. Calt (b 1o discuss
=y lead type gasket sealers, pants, elc 113 seventy status can be best detesmined by the operator. Qur recommendation 8—Check for possbie moisiure built up 1n the lube due 10 cold oparation, over «dling, MOISTUTE 1N New tube, et
Ej for corrective action vares from customer to customer and operatian to operation. Caution. Call lab, of needed, REVERSE 9_The abnormaliniss in this case [if any) are probably due to mechancal &/or operational reasons. Call lab to drscuss.
& 3—ANALYSIS FAILS—See reverse sice (Fatigue Wearl. 10-Check tor over «dhing, lugging, too rich airfiuel mox, or 100 long od dtam intervals

4 .
82 4—|mproved conditions may be due 1o low time {miles or hours) an ail freduced joad leE 11 —Check tor dirt/salt breathed in or splashed in from road

Y
n

12-Check fot soap. detergent splashed in duning cleaning, ete
e Lo LT L L e ke

+ mae taam rn namnrnnrcate reclinn and recnmmendatinn



Ana Yatoaloies, Ine. (A F, P

111 Harding Avenue + Belimawr, New Jersey 08031 « (609} 931-0011
Toll Free (800) 2567-7896 (except NEW JERSEY}

MILTON C.STAFFORD P.E * Ann MR, MILTON STAFFORDP.E. * YOUR COMPUTER NAME MILSTA .
9 LNTON AVENIIE 715/444-2741 * YOUR COMPUTER UNIT 1.D. TE2N
RALA>» CYNQYDu PA. 19004 * Typs GREASE
* Copies * Make
Attn! MRE. MILTON STAFFDRD(F.E. * Mode!
* Sump capacity
TEST LAB CUSTOMER SAMPLE REC'D HOURS/MILES oIL on FILTER * Type of operation y
NO NO SAMPLE DATED PROCESSING DATE > 'anys,™ o ADDED DRAINED CHANGED Oil type:
* Add pkpg: ** Molybedenum Magnesium Caicium Berium Phosphorus  Zinc
1 R5404 O/007 0 5/04/R4 * 144 B? 57289 1446 171 548
2. # Full flow filter
3. * Bypass filter ’
4. # Test type: .
5 R.O. PO -

& RS : > . 4 ,(100F or}
R : TS B 210F
. e & c".‘ . \. \. :

TEST DATA 1. 4 1 2163 834 &0 1R7 12 1721 11 n7A 1 95

=< WEAR METALS - gear/bearing (iron) (copper) (aluminum) -high (abnoraal),

&
£
2
4

COMMENTS : ‘ CHECKS Shodo il
1-THIS SILICON MAY DR MAY NOT BE ABRASIVE. POSSIBLE SOURCES-—may have entered during sample 5—Na recommendation possible due 1 irsutlcient information, Cait lab f necessary.
-9 taking— sihicon gaskel seater | silicon type additive, etc 6—Vesy low wear metais &/or lube contaminants {sohds in particular) indicate low tme {miles &Jor hours) on o+l
zZ 2-LEAD As wear metal lead 13 from bearing, bushing; As contamunant it may be from gasonne, starting Huid, SEE 7-Check tor metal chips 10 ail, Call lab 10 discuss,
Ou lead 1vpe gaske: sealers, pants, eic. Its severiTy status can be best determined by the operatar. Qur recommendation 8—Check tor possibie moisture built up in the lube due to cold operatan, over «dling, MoIsTure In new lube, &tc,
Ed: for corrective action vares from customer to customer and operation to operation. Cautien. Catl 1ab, il needed. REVERSE 9--The abnogrmahilies in this case Uil any) are probably due to mechanical &/6r operational reasons, Call lab 1o discuss.
a : 3-ANALYSIS FAILS--See reverse side (Faugue Wear) 10-Check lar aver dhing_ lugging, 100 rsch air/iuel mix, or 100 {ong oil dram intervals.
82 4—improved conditions Mmay be due 1o [ow time {miles or hours) on ail freguced load leE 11 —Check tar dirt{al1 breathed wn or splashed v from road
o

12 Check for soap. detergent spiashed 1n during cleaning, etc
- ) . . P .

maneecasiain rart.an vAd carammandatinn



Ana Yatoraloies, Ine. A L. F)

111 Harding Avenue « Bellmawr, New Jersey 08031 » (509) 931-0011
Toll Free {B00) 257-7896 (sxcept NEW JERSEY)

MILTON C.STAFFORD P.E * Attn MR, MILTON STAFFORDyP.E. * YOURCOMPUTER NAME MILSTA

A9 LUNTON AVENIIE 215/4464-2741 * YOUR COMPUTER UNIT 1.D. TEAN -
BALAY CYNWYD» PA. 19004 » Type " GREASE
o * Copies * Make
Attnt MR. MILTON STAFFORDsPE . * Mode! . .
* Sump capacity
TEST LAB CUSTOMER SAMPLE REC'D _HOURS/MILES OiL oI FILTER * Type of operstion .
NO NO SAMPLE DATED PROCESSING DATE S Yao,i™ oL ADDED  DRAINED CHANGED Oil type: i Randd
* Add pkg: *» Molybedenum Magnesi Calci Bacium P Tinc
1 D5605  0/007 O  &/04/84 * T 117 St 4495 52 1337 arg
2. . * Full flow filter )
3. * Bypass filter - -
4 » Test type: _
57 i R'o- T P O PRI BLAY

_ 4 <1 1489 449 48 103 8 1780
KEAR METALS - gear/bearing (iron) (capper) (aluminum) -high (abnoraal) .

ESTDATA 4.

f

R
S
E

STDATA 5.

e

i

¢ hedoa CHECKS s LI o
. 1-THIS SILICON MAY OR MAY NOT BE ABRASIVE POSSIBLE SOURCES—may have entered duning sample 5—No recommendation posuible due to wnsuttcient informanan. Call lab 1f necessary.
- g taking - whicon gasket sealer, sihcan type additive, erc, 6 Very low wear metals &for lube contamnanis {soluds in particular) indicate low time lmites &/or hours) on od,
é_ 2. LEAD - Ay wear metal lead 13 Irom bearing, bushing; As contaminant it may be from gasaline, starting Huid, sEE T—Check 1or metal chips in oil . Call [ab 10 discuss
o lead type gaske: sealers, D3Nty eic. |13 sever ity $tatus can be best determuned by the operator. Our recommendation B-Check tor possibie moisture built up o the fube due to cold operanion, over idhing, Moture o new lube, o1,
53 for corrective actien varies from customer 1o customer and operation 1o operation. Caunion Calt lab, if needed REVERSE 9-The abnormalities i thas case (df any) are probably due 1o mechamical &/or operationat ressons, Call lsh 10 dos¢uss.
0. J—ANALYSES FAILS—See reverse sice {Fatigue Wear). 10-Check 1or over wling, tugging, Yoo rich awrffuel mux, or too long od diam intervals,
8; 4—tmproved conditians may be due 10 low ume (miles ar hours) on ail freduced load leE 11 —Check tor dirt/salt breathed in or splashed «n from raad
q

12--Check tor soap. defergent splashed in during cleaning, 1¢

am lmmd dn canmenarate saesaan 3ad recammandation



Ana Yatoraloies, Inc. A L, F)

111 Harding Avenue « Bellmawr, New Jersey 08031 «» (609) 9310011
Toll Free {B00) 257-7896 (sxcept NEW JERSEY)

MILTON C.STAFFORD P.E * Ann MR, MYLTON STAFFORDsF.E., * YOURCOMPUTER NAME MILSTA - DIy
29 1UNION AVENIIE ' Z15/64684-7741 * YOUR COMPUTER UNIT 1.D. TESN
ﬁALAr CYNHYD! PA. 19004 * Type GREASE
N o * Copies * Make
Attnt MR. MILTON STAFFORDsF.E. * Madel N
. + Sump capacity
TEST LAB CUSTOMER SAMPLE REC'D HOURS/MILES oI on FILTER * Type of operation A
NG NO SAMPLE DATED PROCESSING DATE > 'om,EM oiL ABDED  DRAINED CHANGED Oil type: oo
* Add pkg: ** Molybedenum Meg Catei Bai Phogphons  Zinc
1. DS540 0700/ 0 6/04/84 » 91 27 4182 113 131 85
2. # Full flow filter
3 * Bypass filter -
4. # Test type:
5. -

R.O. ' PO

§ X
& & o
S s & 5.
ESES S N IS
= [
EST OATA 1. 4 <1 B85% 157 33 R4 q 1 47
i HEAR METALS - gear/bearing (iron) {copper} -moderately high (abnoraal).
5.2
TESTDATA 2.
an
TEST DATA 5.
T =P ) COMMENTS ' Lo ARl i I <t CHECKS Pt i
) 1-THIS SILICON MAY OR MAY NOT BE ABRASIVE. POSSIBLE SOURCES—may have entered during sample 5—No recommendation possible due 13 insuttcient informanon. Call lab f necessary

|-lz’ taking—silicon gasket sealer, siicon 1ype additive, etc. 6-Very low wear metals &/ov lube contaminants (soleds i particular]) indicate low time {miies &/or hours) on osl.

g_ 2- LEAD As wear metal lead 1s from bearing. bushing: Ay contamunant «t may be from gasoline, starting ftuid, SEE 7-Check tar metal chips +n o1l Call lab 10 discuss,

=y ead type gasket sealers, pants, etc. Its sevenity status can be best determined by the operaror. Dur recommendatsan B-Check ior possibie moisture bu it up in the lube due to cold cperation, over 1diing, moisture 1n new lube, etc.

Ej far corrective action vadnies from customer to custgomer and operathon 10 operaton, Cautan Call lab, «) needed REVERSE 9_The abynormaliiies in this case Uit any) are probabty due 1o mechanwcal A/or operational reasons. Call 1ab to discuss.

[ 3-ANALYSIS FAILS—5ee reverse side (Fatigue Wear| 10- Check for over «dting, lugaing, 100 rich air/tuel mix, or 100 (0ng il dram intervals.

8; 4—Improved condiians May be due to low 1ime {miles ar hours} on oil freduced ioad leE 11 -Check for dirt/salt breathed in or splashed i from road

i

12--Check 1or spap, detergent spiashed o during cleaming, etc

wrsimnsiato snesmn amA rasAram AR AL AR



na Yatoraloies, Ine. (A L F)

111 Harding Avenue ¢ Bellmawr, New Jersey 08031 « (609) 9310011
Toll Free (800) 257-7896 (except NEW JERSEY)

MILTON C.STAFFORD P.E * Aun MR+ MILTON STAFFORDsF.E. *® YOURCOMPUTER NAME MILSTA .
39 LINTON AVENIIE P15 /444-2741 * YOUR COMPUTER UNIT 1.D. TEAN
BALA?Y CYNHYDv FA. 19004 * Type GREASE
* Copies * Make
Attn! MR. MILTON STAFFORDyF.E. * Model
+ Sump capacity
TEST LAB CUSTOMER SAMPLE AECD _HOURS/MILES OiL OiL FILTER * Type of operation .
NO NO SAMPLE DATED PROGESSING DATE 5 Y&, f M oL ADDED  DRAINED CHANGED Oil type: o
* Add pkg: ** Molybsdenum Magnesium Caicium Baerium Phosphorus  Zine
1. DSLHO7  0/00/ 0 L/04/84 * N 110 13 3943 4777111 148
2. # Full flow filter
3 # Bypass filter -
4. + Test typa:

WEAR ELEMENTS!(P.P.M]

i
>

£ 3 4
s & g & &£ £ S &
&L Q o & ~ o P > ¥
K] E \§» o ‘ P < =3 (= Y
N & g‘? G g @ S & 3 \g_q’ @ SQ-‘ "J\gq-‘
4 <1 1188 470 5?7 48 3 924 5 244 71 91

WEAR METALS - geat/bearing (iron} (copper) -moderately high (abnormsl),

EST DATA 2.
(R

ESTDATA 3.
25“

3
kA
%
.

EST DATA 4.

TESTDATA 5.

-.f:h#ﬁ-in:hr:-:t‘x«:-:

RS RRRY

OMMENTS o CHECKS

¥ -THIS SILICON MAY OR MAY NOT BE ABRASIVE. POSSIBLE SOURCES—may have entered during sample §—No recaommendation possibie due to insufficient informanan, Call fab f necessary.
O taking -5 hcon gasket seater s hcan type add live, €10 6—Very law wear metals &/ov lube contamnants {solhds o particular) indicate low time (miles &Jfor hours) on o
Iz 2-LEAD As wear metal lead & lrom beating, bushing: Ay contfaminant st may be from gasahine, starting tud, SEE 7-Check lor metal chups 1n onl. Call lab 1o discuss
@ @ lead type gaske! sealers, pa:nts, etc Ity sewerify s1atus can be best determined by the operator. Qur recommendat.on B—Check tor possibie mossture buitt up in the lube due to cold operation, over «dhing, Moisture 1 New lube, etc.
Ej for correctwe action vanes from custgomer to customer and operation 10 operation, Caution, Call fab, J needed REVERSE 9—The atznor malsties 1n thes case [if any) are probably due ta mecharcal &/ar operational reasons. Calt lab to discuss
o 3—ANALYSIS FAILS—See reverse sicie (Fatigue Wear). 10-Check tor gver wling, lugging. tao rich air/tuel mix, or oo long ol dram intervals
8% 4 -Improved conditions may be due to (0w wme {miies or hoursl on ail/reduced load. leE 11 -Check tor dirr/salt breathed (n o splashed in from road
o< 12 . Check 1o soap, detergent splashed in during cleaning, etc

TV lec H s nrr nbmrmatan mmmrrrnstine chaat can lead 1A naNNrORHATE testing and recommencdation



Ana Satoratoes, Ine. (A ¥,.9)

111 Harding Avenue « Bellmawr, New Jersey 08031 » (609) 931-0011
Toll Free (800) 267-7896 (except NEW JERSEY)

MILTON C.STAFFORD P.E * Atn MR. MILTON STAFFORDsP.E. * YOURCOMPUTER NAME MILSTA N
A JINTIDN AVENIIE 2I5/4A44-72741 * YOUR COMPUTER UNIT I.D. TE7N
BALAy» CYNWYD, PA. 19004 * Type GREASE
* Copies * Make
Attnt MR, MILTON STAFFORDyF.E. * Modal
* Sump capacity
TEST LAB CUSTOMER SAMPLE RECD HOURS/MILES oiL ot FILTER + Type of operstion s ey
NO NO SAMPLE DATED PROCESSING DATE  © Yo fM oIL ADDED  DRAINED CHANGED Oil type: ’ A
* Add pkg: *+ Molybsdenum Magnesium Calcium Barium Phoghors  Zinc
1. DNS409 0/00/ O 6/06/04 * 108 5 3931 41 o 44 147
2. # Full flow filter
3. * Bypass filter ; o
4. # Test type:
5 R.O. - L)

53 i e
95 N £ £ SO LN (100F or) FLAN
& & o 5 & & & "
& Fa: Lo g 2 210F «
r Ky ] »
= -2 & & (8 Q QR 3 & ] B
~ o G ~ IS Q& a Q Jo oY &
o [ ; :
TEST DATA 1. 4 <1 1054 24% 37 46 D 478 4 1773 <1 473
3 WEAR NETALS - gear/bearing (copper) Lead wear may be froa bearing sbushing or shims/spacersetc. -moderately high (zbnorsal),
L8
TEST DATA 2.
"
B
TEST OATA 3
fr
E
TEST DATA 4.
sy
B
TEST DATA 5.
: : e
COMMENTS i CHECKS
1-THIS SILICON MAY OR MAY NOT BE ABRASIVE. POSSIBLE SOURCES—may have entered during sample 5—No recommendation possibie due 1o insutfic ent informanan. Call 1ab (f necessary,

U taking - shicon gasket sealer shicon type addilive, etc. 6—Very low wear metals &/o¢ lube contamunants (s0)xds 1n particular] indicate low time (miles &/or hourt) on ol

rf 2- LEAD As wear metal lead 1s from beaning, bushing; As contarmnant it may be from gasaline, starting fiud, SEE 7—Chedk 1or metal chups in onl, Call lab to discuss,

° o iead tyge gasker sealers, paints, erc. Ity seventy 11atus can be best determined by the operator. Qur recommendation B-Check tor possibie moisture buil up in 1he lube due to cold operation, over idhing, moisture i new lube, etc.

Ej for carrective ac1:an varies from customer 10 customer and operanion 1o operation Caution. Call fab, if needed. REVERSE 9 -The atxnormatiniet on this case [if any) are probably due te mechanical &for operational ressons. Call 1ab to discuss

B‘i J-ANALYSIS FAILS—See reverse side [Fatigue Wear}, DE :l‘]:gmk tor over Wling, Iu;‘gmg, 100 r-chham"u!: mix, Drdloo long o dram intervats.

oz 4—Improved condinans may be due to low time (miles or hours) on oil freduced load sl eck for dirt/salt breathed n or splashed in brom roa

-~

12-Chack tor soap. detergent splashed n during cleamng, #ic

memmrams sra tnitAn and rarnmmanAdltian




Ana Latoraloies, Ine. A L, P

111 Harding Avenue + Bellmawr, New Jersay 08031 « {609) 931-0011
Toll Free (800} 267-7896 (sxcept NEW JERSEY)

MILTON C.STAFFOURD F.E * Attn MR, MILTON STAFFORDyP.E. ® YOURCOMPUTER NAME MILSTA
39 UNTON AVENIIF 21S/46468-2741 * YOUR COMPUTER UNIT I.D. TERN
RALAy CYNWYDs PA. 19004 * Type GREASE
* Copies * Make
attn! MR. MILTON STAFFORD:F.E. * Model
* Sump capacity
TEST LAB CUSTOMER SAMPLE REC'D HOURS/MILES o oiL FILTER # Type of operation
NO NO SAMPLE DATED PROCESSING DATE © 'ag,f,M oL ADDED  DRAINED CHANGED Oil type:
* Add pkg: ** Molybedenum Magnesium Calcium Sarium Phasphors  Zinc
1 DELOB  0/00/ 0 4/046/84 . 93 232 4125 54 82 117
2. # Full flow filter
3. * Bypass filter .
4. = Test type:
5. RO PO

£ > & --C\
3 & IS =~ : £ £ & ! ;
IS & d = & & o 4 g fy & &a Xy -1 <o 210F %fﬁ‘
2 2 .oom & - Og- N L 0 . b
A & F 5o g & & & f?g% Tt "’Q.q-‘ % *'6\ 3¢ * T
TEST DATA 1 5 <1 @785 3772 37 25 4 491 4 197 < 4R

WEAR METALS - gearlbearing' (copper) Lead wear may be from bearing rbushing or shias/spacersetc, -soderately high (abrorssl).

TEST DATA 5.

[

i B o

COMMENTS
1-THIS SILICON MAY QR MAY NOT BE ABRASIVE. POSSIBLE SOURCES-may have entered during sample

CHECKS
5—No recommendat:on gossible due 10 insufficient infarmation. Call 1b + necessary
6- Very low wear metals &/or lube contaminants (sohids 10 parbcudar) indicate low time (miley &/os hours) on o1l

1laking - siheon gasket sealer, $ihcon type additwe, e1c.

2-LEAD As wear metal lead 15 fram beanng, bushing; As contaminant 11 may be from gasoiine, starting fluid, SEE 7—Ched & for metal chips in ou. Call 1ab 10 discuss

lead 1ype gasket sealers, paints, erc. Its severity sratus can be best determined by the operator. Qur recommendatien B-Check for possibie moisture bu it up wn the lube due 1o cold operation, over idhing, MosTure (n new lube, &1c.

for corrective actign varies From customer 10 customer and operatan 1o operation. Cautian. Call lab, «f needed. REVERSE 9 The abnormaiiies n this case [If any} are probably due to mechanical & for operational reasons. Call 'ab 10 discuss.

10 - Check tor aver «diing, lugg ng, 106 rich girffuel Mix, of 100 tong ol dram intervals,
11 Chech for dut/salt breathaed in or splashed 0 from road

12 Check tor soap. detergent splashed n duning cieamng, etc

F S e e

Chmlead 1A AAARSARY AR TaRTiRA AAA rarAmMendaniAn

3-ANALYSIS FAILS— See reverse siche {Fatigue Wear).
4 -Improved conditions may be due 10 low time lmiles or hourst on o freduced {oad leE

COPYRIGHT
ANA LAB, INC



Hna Satoaloies, Fne. (A L F)

111 Harding Avenue « Bellmawr, New Jersey 08031 « (609) 931-0011
Toll Free (800) 257-7896 (except NEW JERSEY)

MILTON C.STAFFORD P.E * Ann MR, MILTON STAFFORD+FP.E. * YOUR COMPUTER NAME MILSTA
39 LNIDN AVENUE 215/4644-2741 * YOUR COMPUTER UNIT 1.D. TE1S
BALAs CYMWYDs PA, 19004 + Type GREASE
- * Capies * Make
Attn? MR, MILTON STAFFORD,P.E. * Model
* Sump capacity
TEST LAB CUSTOMER SAMPLE REC'D HOURS/MILES oL oIL FILTER * Type of operstion e
NO NO SAMPLE DATED PROCESSING DATE = YahEM oI ADDED  DRAINED CHANGED Oil type: -
* Add pkg: *¢ Molybadenum Magnesium Caicium Barium Phoge
1. D5594 0/00/ 0 6/046/84 * ’ 108 20 3799 48
2. = Full flow filter _
3. # Bypass filter e
4. #+ Tast type:
5. RO T PO

g
g,
EST DATA 1. 4 <1 1111 218 40 134 5 400 ] 37 i 70,09
HEAR METALS - gear/bearing (iron) (copper) -moderately high (abnormal),

‘EST DATA 2

ET DATA 3

ESTOATA 4

ESTDATA S

BT S YRS,
COMME b S S CHECKS
1-THIS SILICON MAY OR MAY NOT BE ABRASIVE POSSIBLE SQURCES ~may have entered during sample
taking silicon gasket sealer, silican type adait we, #te
2- LEAQD- As wear metal lead s irom bearing. bushing: As contaminant it may be lrom gasaline, starting fluid, SEE 7-Chet & tor metal chips in oil. Call (3b to discuss
lead (ype gaske! sealers, painty etc. Its severity $1atus can be best detes mined by the operatar. Qur recommengation

3- ANALYSIS FAILS—See reverse side | Fatigue Wear)
4—Improved conditions may be due to low time (mdes or hours) on ol freduced load. S| DE 1% —Check for dirtfsalt breathed 10 or splashed i from rpad.
12- Check for soap. detergent splashed «n during cleaming, erc

COPYRIGHT
ANA-LAB, tNC,

5- No recommendation possible due to jnsufficisnt informatian Call lab f necessary.
6~ Very 0w wear metals &/or lube conmaminants {)ds 10 parbcular) 1nOicate low bhme imies &ior hours) on o,

AnA rBsnmman AT

Y

PO

8—Check for possibie moisture built up in the lube due 10 coid operanion, over xdling, Mosture in new lube, etc
for corrective actan vares feom customer to customer and operation fo operation Caution. Call lab, if needed REVERSE 9-The abnormalities in this case 11 any) are probably due 10 mechancal B/or operational reasans. Call kb 10 dscuss.
10-Check for over adling. lugging, too fich airffuel mix, or 100 ong o1l drawn intervals.




na Latoraloies, Ine. (A £, F)

111 Harding Avenue « Bellmawr, New Jersey 38031 « (609} 931-0G11
Toll Free {800) 257-7896 (sxcept NEW JERSEY)

MILTON C.STAFFORD P.E * Attn MRE. MILTON STAFFORDsYP.E. * YOURCOMPUTER NAME MILSTA
39 LINTON AVENIIE ' 215/6464-2741 * YOUR COMPUTER UNIT 1.D. TE?S N
BALA» CYNWYDr PA., 19004 #* Type GREASE
' * Copies #* Make
Attn?! MR. MILTON STAFFORD:F.E. * Model
* Sump capacity
TEST LAB CUSTOMER SAMPLE REC'D HOURS/MILES oiL on FILTER * Type of operation
NG NO SAMPLE DATED PROCESSING DATE S fM oI ADDED  DRAINED CHANGED Oil type: T
* Add pkg: #* Molybedenum Magnmsium Calcium Berium Phasphors  Zinc
1. DSS9% 000/ 0 A/04/84 * 117 43 4403 11‘““ 13 210
2. # Full Hlow filter
3 * Bypass filter
4. + Test typa:
5 R.O. PO o

<
EST DATA 1. q4 <1 1250 3A0 44 4&D 5 1040
3 WEAR METALS - gear/besring (iron) {(copper} -high (abnoraal},

B

EST DATA 2.

EST DATA 3.

EST DATA 4.

EST DATA 5.
g . , ' LIV IR . R
COMMENTS A CHECKS S
. 1-THIS SILICON MAY OR MAY NOT BE ABRASIVE POSSIBLE SOURCES—may have entered during sample 5—No recommendat«on possible due 10 inuthe@nt informatian. Call 1ab if necessary
- ‘5_’ taking - silicon gasket sealer, Silicon type additive, erc. 6-Very low wear metats &/or lube contamanants {sahds 1n particular) indicate low time imailey &jor hours) on ol
5_ 2-LEAD As wear metal lead s trom bearing, bushing: As contaminant it may be lram gasaline, starting 1iud, SEE 7—Chedk for metal chips in odl. Call lab 1o discuss,
Em‘ lead 1ype gaske: sealers, pants, etc. 114 seventy slatus can be best derermined by the operator. Gur recommendation B8-Check tor possibie mansture buitt up in the lube due to codd operation, over 1dIing, MasSTUTe «n new lube, #1¢
:5 ;Or::r‘::;\érlsa(':l:llr;-;if; from custfc:emle; to cuslwome]r and operatian to operation. Cautwon, Call lab, if needed. REVERSE 13“2:2 a::n'wrmginm n this case (d any) are ::'mtublv due to mechanical &/or operational reasons. Call lab 10 discuss.
g KR —BEE reverse si atigue Wear). - Check lor aver Wdling, iugging, foo rich air fluel mix, of toa leng ol dram iniervals.
2z 4 Impraved conditiens may be due to low tme (miles or hours} on ail freduced load SIDE V1 -Check for dirt/salt breathed in or splashed in from road.
<
"

12 -Check {or soap. detergen! splashed «n during cleaning, etc
v S e T e L e i Ukaar s am dnad b o aanears 108 tartina and rasammmendatinn



| ! 4

Ana Satoraloves, Ine. (A L, P

111 Harding Avenue « Bellmawr, New Jersey 08031 » (609} 931-0011
Toli Free {BOO) 257-7896 (except NEW JERSEY)

MILTON C.STAFFORD P.E * Ann MR. MILTON STAFFORDsP.E. * YOURCOMPUTER NAME MILSTA

39 LINTON AVENILIE 215/46464-2741 * YOUR COMPUTER UNIT 1.D. TERG B
BALA» CYNWYD» PA. 19004 * Type GREASE
. * Copes * Make
Attnt MR. MILTON STAFFORD.F.E. * Model
* Sump capacity
TEST LAB CUSTOMER SAMPLE REC'D HOURS/MILES oiL oIt FILTER * Type of operation . and
NO NO SAMPLE DATED PROCESSING DATE > Vo i M oL ADDED  DRAINED CHANGED Oil type: e o
* Add pkg: ** Molybsdenum Magnesium Calcium Barium Phosphorus  Zinc
1. NS594  0/007/ 0 A/04/R4 * 128 37 4476  b& 97 386
2. # Full flow filter
3 * Bypass filter
4 # Test type: -
5 RO PO

| 4 <1 1588 246 54 96 7 R04 & 214 1 b4
WEAR HETALS - gear/bearing {iron) (copper) -high (abnorsal),

TEST DATA 4.

S,

TESTDATA 5.

W

Havida . S EOECE L
COMMENTS : CHECKS R

1- THIS SILICON MAY OR MAY NOT BE ABRASIVE, POSSIBLE SOURCES —-may have entered during sample 5—MNo recommendation possible due to nsulficient information. Calt lab + necessary,
() taking - sdwon gasket sealer, sl on type additve, etc. 6-Very low wear metals &/or lube contaminants {solids :n pasticular) indicate low time {milet &/or hoursl on o4,
IE 2-LEAD- As wear metal lead s from bearing, bushing, As confaminant 11 may be fram gasoline, starting flud, SEE 7—Chetk tor metal chips 10 ol Call iab 10 dicuss,
Em lead type gasket sealers, paints enc. Its severity status can be best determened by the operator, Qur recommendation B-Check for possibie marsture built up 0 the lube due to coid operation, over 1dhing, Maisture N new tube, 1o,
Tq for corrective action vanes from customer to customer and operanion 10 operation. Cautwon Call lab, i} needed REVERSE 9. The abnormalities 1n this case {if anyl are probably due 10 mechancal &for operational reasans. Call lab to discuss.
:: 3-ANALYSIS FAILS—See reverse side (Fatigue Wear), 0 - Check for over adling, lugging. too rich arfluel mux, or 100 1ong oil dram intervals
82 4— |mproved conditions may be due to low ume (miles ar hours) on ail/reduced load sl DE 11 _Check tor diri/sait breathed 14 ar splashed in trom road
wd 12-Cneck 1or soap, derergent spitashed 10 during cleaning, etc

A PR

am thanar =arm laad ra manarnAoate leebion and eecommendatinon



SAna SFataratodes, Ine. A £, )

111 Harding Avenue = Beilmawr, New Jersey 08031 « (609} 9310011
Toll Free (800) 257-7896 (sxcept NEW JERSEY)

MILTON C.STAFFORD F.E * Aten MR, MILTON STAFFORD+P.E. * YOURCOMPUTER NAME MILSTA
29 UNTON AVENUE 215/444-7741 * YOUR COMPUTER UNIT L.D. TE4S o
BALA» CYNWYDy PA. 19004 # Type GREASE
7 = Copies * Make
Attn: ME. MILTON STAFFORD.F.E. * Modal
#* Sump capacity
TEST LAB CUSTOMER SAMPLE REC'D HOURS/MILES oI on FILTER * Type of operation . -
NO NO SAMPLE DATED PROCESSING DATE  ° Yoo, 5™ oIL ADDED  DRAINED CHANGED Oil type: - "

* Add pkg: =+ Molybadenum Megnasium Calcium Barium Phosphons  Zinc
! NSS07  0/00/ 0 4/04/94 * 118 13 47215 377753 291
2. # Full fiow filter
3. * Bypass filter
4. # Test type:
5. "R.O. PO

" #PMPORTANT: INOTIEY LAB OF ANY CHANGES IN THI

£
P I . (100F or) &
& . & ‘9& £ e 210F g{;}b
S AN A ' f'
7B & o 18R

EST DATA 1. 4 <1 1327 415 57
9 WEAR METALS - gear/bearing (iron) (copper) -snderately high (abnormal).

v DR I

4
COMMENTS CHECKS s

) 1-THIS SILICON MAY OR MAY NOT BE ABRASIVE. POSSIBLE SOURCES—may have entered during sample §—No recommendanion possible due 10 insuffcient information Calt lab i necestary.
o) 1akung - shicon gasket sealer, silicon type additve, e1c 6—Very low wear metals &/or lube contammants [a0luds n parnicular) indicate low time {males &ior hours! on ol
ég 2- LEAD Ags wear metal lead 15 from bearning, bushing; Ai contaminant 1t may be lrom gasoline, starting Huid, SEE ?-Check for metal chips 'n o). Call lab to discuss,
=m tead type gaske? sealers, pants etc. Irs severity status can be best determined by the operator. Ous recammendanion B-Check {or possibie moisture bu 1 up in the lube due to cold operation, over 1dling. Moisture 1IN new lube, #1c.
Eﬁ for corrective 3cton vanes from customer o customer and operation to operatsan Caution Call lab, o needed. REVERSE 9_The abnormatinies in this case [if any) are probabty due 10 mechanical &/or operational reasons. Call lsb 1o discuss.
o, I_ANALYSIS FAH S5-—See reverse side {Fatuigue Wear} 10-Check 1or over xdiing, lugging, 100 fich airfluel mix, or 100 long oil dram intervals.
8; 4—|mproved candinons may be due to low time lmiles or hours) an oilfreduced ioad SIDE 11_Check Ior dirt/salt breathed in or spiashed wn from road

o

12-Check 1or soan, detergent splashed in during cleaning, elc.



Ana atoraloes, Ine. (A L, F)

111 Harding Avenue « Bellmawr, New Jersey 68031 « {609) 9310011
Toll Free (800) 257-7896 {(axcept NEW JERSEY)

MILTON C.STAFFORD F.E * Antn MR, MILTON STAFFORD+P.E. * YOURCOMPUTER NAME MTLSTA

39 DNION AUENLIE 2iI5/4464~-2741 * YOUR COMPUTER UNIT I.D. TESS

BALAs CYNHYDs PA. 17004 » Type GREASE

* Copies * Make
Attr! MR. MILTON STAFFORDsF.E. * Model
* Sump capacity

JEST LAB CUSTOMER SAMPLE REC'D HOURS/MILES aIL ottt FILTER * Type of operation .
NO NO SAMPLE DATED PROCESSING DATE = Tig,o™ oIL ADDED  DRAINED CHANGED Oil type: o

* Add pkg: *¢ Moiybedenum Megnesium Calcium Barium Phosphons  Zinc

1. D55YR 0/607 0 4/046/84 * 119 41 4502 67 71 144
2. # Full flaw filter .
3 * Bypass filter

4. # Test typs:

5 rRO. " PO

EST DATA 1. 4 <1 1222 7R4 44 36 T SRS G 217 <1 51
% WEAR METALS - gear/bearing (iron) (copper) -woderately high (abnorasl). .
ESTDATA 2. IL »

ESTDATA 3.

EST DATA 4.

‘EST DATA 5.

s AR ok

COMMENTS ! CHECKS

) 3 -THIS SILICON MAY OR MAY NOT BE ABRASIVE POSSIBLE SOURCES—may have entered during sampie 5—No recgmmendation possible due 1o snsufficient information Call 1ab if necessary,
[t taking - sihicon gasket sealer, silhcon type additive, etc 6 Very low wear mefals &/or lube contam nants (soluds in particular) indicate 10w tme (miles &/or hours) on ol
Tz 2- LEAD- Ay wear metal 'ead 15 irom beating, bushing; As contameinant 11 may be from gasehine, starting fluid, SEE 7-Check tor metal chips 1n ol Call lab 1o discuss
g o ead 1ype gaske! sealers, painits, etc. 11s severity sTatus can be best determined by the operator. Our recommendaton 8—Check for possibie moisture built Up 1n the lube due to cOld OpErslion, over 1dling, MOIStUre 10 Newe lube e1c.
Ei(‘ 101 coffective achion varies from customer 1o customer and operanion o operagtion Caution, Calt labk, v needed REVERSE 9-The abnormahuies in this case [if any) are probably due 10 mechanical &/or operational reasans. Calt iab 1o dvscuss
o 3 -ANALYSIS FAILS~See reverse sude {Fatigue Wear) 10-Check for over idhing, lugging, 100 nich au/luel mix, or 100 10ng o dran niervals
8% 4—Impraved conditians may be due to low ime [mides or hours) on ol /reduced load. s' DE 11-Check for dii/salt breaihed in or splashed in from road

t

12- Check fgc soap, detergent sglashed i during cleaning, e
.t . ‘ . - B b e

canmrase 118 ppetiaa 3nd e nmmendatian



Ana Latoraloies, Ine. (A X, S)

111 Harding Avenue * Bellmawr, New Jersey 08031 « (509) 931-0011
Toll Free (800) 257-7896 {except NEW JERSEY)

MILTON C.STAFFORD P.E * Aun MR, MILTON STAFFORDsP.E., * YOURCOMPUTER NAME MILSTA :

39 HNTON AVENUF 215/4664-2741 * YOUR COMPUTER UNIT LD. TEAS

BALAs CYNHYDy PA. 19004 * Type : GREASE 3 i

* Copes * Make
Attni MR, MILTON STAFFORDsF.E. * Model e e
#* Sump capacity

TEST  LAB CUSTOMER  SAMPLERECD  _HOURS/MILES oL oI FILTER * Type of operation e i
NO NO SAMPLE DATED PROCESSING DATE S V&0,EM oIt ADDED  DRAINED CHANGED Oil type: et o

Add pkg: #* Molybedenum Magnesivm Caicium Berigm mw Zinc .
’ ‘ 114 51 4575 73788 164

*
1 D5599  0/00/ 0 6/06/84 i
2 # Full flow filter
> #* Bypass filter el e B o o
> # Test type: .
5.

ESTOATA 1. 4 <1 1238 312 44 42 46 532 5 4 1 54
WEAR METALS - gear/bearing (iron) {copper) -moderately high (abnormal),

M
A
R
K-
£ 3

ESTDATA 4.

M
A
R,
L
B
ESTDATA 5.
R

COMMENTS . ' e ‘ CHECKS

1-THIS SILICON MAY DR MAY NOT BE ABRASIVE POSSIBLE SOURCES—may have entered during sample 5 No recaommendanion possible due to insufficient information. Call 3ab o necessary.
- g taking- silcon gasket sealer, ulicon type additive, efc 65— Very low wear metals &/or lube contaminants (solds in partcular) indicate low time (males &/or hours) on ol
g_ 2-LEAD- As wear metal lead 15 Irom bearing, bushing: As contaminant st may be 1rom gaicline, starung fluid, SEE 7—Check tor metal chips in o1l Call baby 10 discuss
Za lead type gaske! sealers, paints, erc It sevenity 5tatus can be best determined by the operaror. Qur eecommendation 8- Check tar possibie Moisture buslt up in the lube due 1o cold operation, over 1dling. moisture 10 new lube, etc.
Eg for corrective achian vares Irom customer o cuitomer and operation 1o operaton. Caution, Call lab, of needed. REVERSE 9-.The abnormalities in this case [ any) are probably due to mechamical &/or operational reasons. Call lab 1o discuss.
E( 3-ANALYSIS FAILS—See reverse sicde {Fatigue Wear}. 10- Check tor over idiing, lugging, 100 rich air/fuel mix, or too tong ol dram intervals.
cZ 4—lmproved condiions May be due to law tme [riles &¢ hours) on ol freduced load. s'DE 11 -Check tor dirt/salt breathed in or splashed o from road
Ce

12 Check for spap. derergent splashed in during Cleanng, #ic

= mermrmer oatn tadnaa and rReammARAYt Aa




Ana Lataraloves, Ine. (A L, P

111 Harding Avenue « Bellmawr, New Jersey 08031 + (609) 931-0011
Toll Free (800} 257-7896 (except NEW JERSEY)

MILTON C.STAFFORD FP.E * Arn MR, MILTON STAFFORDsFP.E. * YOURCOMPUTER NAME MILSTA
29 UINTON AVENIE ‘ 215/6464-2741 * YOUR COMPUTER UNIT LD, TR7S -
BALAy CYNWYDy PA. 19004 * Type GREASE
* Copies * Make
Attn: MR. MILTON STAFFORD:F.E. * Model .
* Sump capacity
TEST LAB CUSTOMER SAMPLE REC'D HOURS/MILES OiL OlL FILTER * Type of operation * w
NG NO SAMPLE DATED PROCESSING DATE Vg™ oIL ADDED  DRAINED CHANGED Oil type: )
* Add pkg: ** Molybsdenum Magnesium Caicium Barium w Zinc
1. N5400 0/007 0 A/O0AL/B4G * 129 40 4019 B4 154 257
2. » Full flow filter
3 * Bypass filter - -
4. * Tost type: _
5. RO. PO o

EST DATA 1. 4 <1 1567 354 %4 52 7 1408
e S WEAR METALS - gear/bearing (iran) (copper) -high (abnorasl).

Bdddddd

ESTDATA 2.

Bt

EST DATA 3

ESTDATA 4.
LR

Bisdaaat

ESTDATA D,

COMMENTS ey o CHECKS FRE 4 Biid
1-THIS SILICON MAY OR MAY NOT BE aBRASIVE POSSIBLE SOURCES-—may have entered during sampte 5_No recommendation passible due 10 (nsuftcient information. Call lab if necessary.
) 1aking shicon gasket sealer, s con Type adgdifve, et 6 Very low wear metals &for lube contaminants (solids 1n particular) sndscgte low hme [mules &/or hours) on ail.
IZ 2_LEAD- As wear metal lead s lrom bearing, bushing; As contaminant it may be from gasoline, starting Huid, SEE T_Check lor metal chaps in o, Call lab 1o distuss
90 lead type gasket tealers, paints etc. Its sevenity status can be best determined by the operator. Our recommendation 8—Check for possibie moisture bult up n the lube due 10 cold Operston, ovey 1dling, MOSTUTE 1N New ube, e1c.
E«_(j tor carrective actan var.es from customer o customer and operation to opevation. Caution. Call lab_ 1f needed REVERSE 9-The abnormalities «n this case (i1 any| are probably due 10 mechanical &/or operationat reasons. Calé lab to dicuss
P 3_ANALYSIS FAILS—See reverse side |Fatigue Wear|. 10-Check for aver )diing, lugging, foa rich ar/fuel mud, or too long ol dram intervals.
oz 4—Improved conditions may be due to low time {milés or hours! on ol /reduced load. leE 1t —Check tor dirt/salt breathed in or wlashed 10 irom road
P

12 Check for spap. derergent splashed 1n during clearmng, et
e [ 4 dcmat ne o et w3 oas dhans man laad ta cmannrannata testing and racammendatinn



Ana SLaboraloes, Ine. (A ¥, F)

111 Harding Avenue « Bellmawr, New Jersey 08031 « (609) 931-0011
Toll Free (B0OO) 257-7896 {except NEW JERSEY)

MILTON C.STAFFORD F.E * Attn MR. MILTON STAFFORDyP.E. * YOURCOMPUTER NAME MILSTA “
32 UNTON AVENUE 215/74644-27 41 * YOUR COMPUTER UNIT I.D. TERS
BALAY CYH,HYD’ PaA., 19004 * Type GREASE .
* Copies * Make
attnt MR, MILTON STAFFORDsF.E. * Model -
# Sump capacity
TEST LAB CUSTOMER SAMPLE REC'D HOURS/MILES on oIL FILTER * Type of operation N s
NO NO SAMPLE DATED PROCESSING DATE S YSTEM olL ADDED  DRAINED CHANGED Oil type: "

# Add pkg: *+ Moiybedenum Magnesium Caicium Berium Fhﬁmml Zlnc‘
1 DS5A01 0/00/ 0 4/04/84 * T 89 20 3717 100 175 109
2. # Full flow filter
3 # Bypass filter e e
4. # Test type: .
5- HO B PR . PO =

) 50 Se gy &S ¥ (100F or) @a

S A A S Y © T 10F «{? B

J s LR S e
4 <1 949 12?71 33 5 2A3@ q 137 1 44 E

WEAR METALS - gear/bearing (copper) -mdérately high {(abnorsal).

I'T DATA 5.

PSRN Bt Ao BASAS. e
COMMENTS . CHECKS
. 1-THIS SILICON MAY OR MAY NOT BE aBRASIVE. POSSIBLE SQURCES —may have entered during sampie 5— NG recommendation poatble due to insuthicient informanon. Call lab f necessary.
-9 tak:ng - silicon gasket searer stheon 1ype additive, elc 6 Very iow wear metals &/or lube contaminants {s0l«ds 10 particular] indicate low time (miles &/oc hours) on ail.
2 2-LEAD As wear metal lead 15 from bearing. bushing; As contamingnt 11 may be (rom gasoiine, starting 1luid, SEE 7—-Check for metal chips in ol Call 48 1o discuss
a & jead Iype gasker seaters, paints, e1c 1ty seventy status can be best determined by the operator. Our recommendation 8—Check for possibie moisture built up 0 the lube due to cold operanon, aver dhing, marsture 10 new lube, etc
§3 for corrective actipn vanes irom customer to customer and operation to operation. Caution. Call lab, i needed REVERSE O—The abnormahiuies in this case (f any) are probably due to mechanical &for operational ressons. Call lab to discuss.
o A_ANALYSIS FAILS—See reverse side {Faugue Wear). 10— Check lar over Wdiing, lugging, too rich airfluel mux, o 0o long ol deam intervals.
8; 4—Improved condilions may be due to low time {rules or hours) on ol freduced load. le'E 11 -Check lor dir1/5ait breathed 1n o¢ splashed in from road
a4

12-Check lor soap. detergent splashed 0 during cleaning, e1c

B T T T SO,



Jackson Plumbing & Heating Inc.

BOX 68 - 2 COUNTY RD. - BOURNE, MASS. 02532 - PHONE 759-2715

ay 14, 1984

Milton C. Stafford
39 Union Avenue
BalaCynwyd, Pa 1900u

Tngpection FKeport H“ay 7, 1984

1. 30 gallon electric water heater appears to be leaking
at the element.

2. Pedestal lavatory is cracked and should be replaced
with a regular 19x17 lavatory or a utility type sink
with wrist handles.

3. 4" sewer drain line which now empties into canal
is cracked its entire length and needs to be replaced.

4, Tt is illegal to have people working without toilet
facilities under Mass. State plumbing laws. Also it

is illegal to discharge into the canal.

I recommend a 1000 gallon holding tank located on the
bank by the maintenance shed. Vhen the new 4”7 drain

line is run a new insulated water line should he 1un

50 that there would be water to the bridge control office
yvear round. This is required by law. The present

water holding tank could then be removed.




APPENDIX C
NON-DESTRUCTIVE TESTING REPORT



Nondestructive * Chemical * Pollution « Metallurgical i
ArnOId Greene . In(,::;ction * Evaluation ¢ Apalysis ,1(149’,
Testing LabOtalorles Research * Development _.;‘&E;.g:.
- =$rRecorporated: DIVISION OF CONAM INSPECTION
'3 East Natick industrial Park
6 Huron Drive = Natick, MA 01760 Branch Laboratories:
(617) 235-7330, 653-69560 Springfield, Mass. 01104 Auburn, Mass. 01501
Telex 948459 GREENELAB NTIK (413} 734-6548 {617) 832-5500
10: MODJESKI & MASTERS DATE: 5/10/84 MATERIAL: STEEL

CONSULTING ENGINEERS

P.0O. BOX 2345 JOB NO: 48BUT-1

HARRISBURG, PA 07105 LAB NO: NATICK SPECIFICATIONS

ORDER NO:NONE CUSTOMER (NO CRACKS ALLCWED)

. MAGMETIC PARTICLE INSPECTION

THE FOLLOWING TRUSS AND STRINGER CONNECTIONS WERE INSPECTED AT HE BUZZARD BAY RAILROAD

BRIDGE, BUZZARDS BAY MASS,

LIFT SPAN - TRUSS L3 WEST ACCEPTABLE
TRUSS L8 EAST ACCEPTABLE
STRINGER CONNECTIONS - NORTH TOWER AT PANEL POINT
L& - ACCEPTABLE

SOUTH TOWER AT PANEL POINT
L4 NOTE: LINEAR TYPE INDICATION APPEAR TO BE METAL
BUILD-UP WITH VISUAL INSPECTION - ACCEPTABLE
EQUIPMENT: AC-DC YOKE

#1 GRAY POWDER

IN WITNESS WHEREOF, I HAVE HEREUNTO SET MY HAND THIS
10TH DAY OF MAY 1984
ARNOLD GREENE TESTING LABCRATORIES
DIVISION QF CONAM INSPECTION

UNLESS STIPULATED IN WRITING BY YOU, ALL SAMPLES WILL BE RETAINED FOR 30 DAYS AND THEN DISPOSED OF
THIS AEPORT 1S RENDERED UPON THE CONDITION THAT 1T 1§ NOT TO BE REPAODUCED WHOLLY OR IN PART FOR ADVERTISING AND / OR QTHER
PURPOSES OVER QUR SIGNATURE OR (N CONNECTION WITH OUR NAME WITHOUT OUR SPECIAL PERMISSION IN WRITING.



APPENDIX D
VIBRATION MEASUREMENTS REPORT



VIBRATION MEASUREMENTS

BUZZARDS BAY LIFT BRIDGE

Prapared for

MODJRSKI & MASTERS, CONSULTING ENGINEERS

JULY 1984

;Pﬁxi'.
'.l‘
Y

i |

Weslon Geophysical

CCRPCORATION



,,Ci’l I‘ Weslon Geophysical

HECHAT

July 31, 1984
WGC - R539

Mr. Richard Little
MODJESKI & MASTERS

PO Box 2345
Harrisburg PA 17105

Dear Mr. Little:

In accordance with your authorization, vibration measurements
were conducted at the Buzzards Bay Lift Bridge on June 6 & 7,
1984. We are pleased to submit our report on the results of
these measurements at this site.

Very truly yours,

WESTON GEOPHYSICAL CORPORATION

I PR

+- P c, N

i _ T BT S

Peter Hubbard
For George C. Klimkiewicz

PH:GCK/rf-0778R

Post Ottice Box 550 ¢ Westboro, Massachusetts 01581 # (617) 366-9191 » Talex No. 920481
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INTRODUCTION

Vibration measurements were made on the Buzzards Bay Lift Bridge on
June 6 & 7, 1984 as part of an overall inspection study coordinated by
Modjeskl and Masters. Consulting Engineers. The bridge vibration
monitoring program described 1in this report is a parallel of the study
performed on September 7 & 8, 1971. Results of these two studies are

compared in this report.

INSTRUMENTATION & PROCEDURE

As in the 1971 study, vibratlon data were recorded using Sprengnether
Instrument Company portable Engineering Seismographs. These
instruments provide three orthogenal component [2 horizontal, 1
vertlcal] recordings of analog vibration waveforms by direct write on
70 mm photographlc paper. Three 1instruments were used in the present
bridge vibration monitoring study. Two of these instruments recorded
displacements [inches] and the third instrument recorded velocity
[in/sec]., Data reccrded by the third lnstrument were inteqrated, using
the simple analytic procedure given in Equation 1, to compute bridge

displacements.
D = fvdt {1]
For assumed harmonlc motion, Equation 1l reduces to Equation 2:

D0 = V0/2ﬂf [2]

Where D0 = peak displacement [in.]
v peak velocity [in./sec]

0
f = frequency [cps]

e 1 o WESTON GEOPHYSICAL
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In a manner that parallels the 1971 study, bridge vibrations were
recorded for train crossings and for cycles of raising and lowering of
the lift span. Recording locations occupied during the 1971 study were
re-occupled for the present monitoring study, except that no data were
recorded at location L5 in the present study. These monitoring

locations are shown on Figure 1.

Vibration measurements were made at Locations L3S, L9, and L3N for the
crossing of a coal train on June 6, 1984 and for the crossing of a
passenger train on June 7, 1984. 1In addition, vibration measurements
were recorded for a second passenger train at location L% on June 7,
1984, It is noted that Locations L3 and L3' of the 1971 study are

referred to as Locations L3S and L3N, respectively, in this study.

Finally. vibrations induced on the North and South Towers as a resglt
of raising and/or lowering of rthe 1ift span were recorded at locations

in the towers as illustrated on Figure 1.

Vibration sensors were orlented to record vertical dlsplacements and
horizontal displacements along the span {longitudinal] and

perpendicular to the span [transverse].

RESULTS

All vibration records were visually scanned to identify segments of
highest amplitude vibrations. Peak displacements [measured in inches]
observed over a range of frequencies were scaled from the highest
amplitude segments of all records. Displacement amplitudes vs.
frequency data are plotted on Figures 2-+16 for the 3 components of
vibration at the various recording locations. Data envelopes for the
1971 study are shown on these figures to allow a comparison between
these two studies. As in the 1971 study, amplitude data 1llustrate
maxima observed over a range of frequencies; no attempt was made to
scale lower amplitude displacements which were also present on the

vibration records.

e 2 . WESTON GEOPHYSICAL
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Train Induced Bridge vibrations

Vibratory bridge displacements observed for the crossing of a coal
train on June 6 and two passenger trains on June 7 are plotted on
Figures 2-10. Figqures 24 1illustrate the 3 components of
displacement at Location 3N. Displacements at this location have peak
amplitudes near .0l inches at frequencies of 1.5 to 3 Hz. in horizontal
components and near .04 inches in the vertical component. Displacement
at lower frequencies [i.e. less than 10 Hz.] fall within the data
envelope for the 1971 study. Higher frequencles [i.e. greater than 10
Hz.] are present on all vibration records. Several peak displacement
amplitudes at higher frequencies are plotted on Figures 2-4. It is
noted that the presence of higher frequencles was acknowledged in the
1971 report: these higher frequency data, however, were not presented

at that time.

Displacements at mid-span are plotted on Figures 5-7. Results at
this mid-span location are similar in amplitude to those observed at
location 3N but are significantly lower than those reported in 1971 for
this location, L9, 1In addition, the peak value of approximately 1.0
inch displacement [2.0 inch peak tc peak] at a frequency of 1 Hz.,
reported in 1971, seems relatively high for train induced vibrations.
Values given for mid-span in the 1971 study were re-examined in this
study by re-interpreting the records collected 1in 1971. The
re-interpreted vibration amplitudes at L9 are shown on Flgures A-1 to
A-3 in Appendix A. The re-examined records provide resulits that fall
below or within the lower range of displacements quoted in the 1971
study. Also, the re-examined records illustrate that displacements
observed in 1971 at mid-span could have been larger than those observed
during the present study. Higher displacements could be related to

heavier loads or to higher speeds allowed for traln crossings in 1971.

* 3 WESTON GEOPHYSICAL
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Displacements at Location L35 are plotted on Filgures 8-10.
Vibrations at this location are simllar in amplitude and frequency
distribution to those observed at Locations L9 and L3N and are

consistent with those reported for this location in the 1971 study.

Displacements induced 1in the North Tower by upward and downward
movement of the 1ift span are shown on Figures 1l1-13. The results of

this present study are conslistent with those reported in 1971.

Displacements in the South Tower for downward movement of the lift span
are compared to the 1971 results on Figqures 14216, As for the case
of traln vibratlons reported at mid-span in the 1971 study, vibrations
reported in that study for the South Tower seem high. Records obtained
in 1971 for the South Tower have been re-interpreted; the re—-examined
displacements are plotted on Figures A-4 through A-6 in Appendix A.
The re-examined records provide results that fall below or within the

lower range of displacements quoted in the 1971 study.

Maximum displacements observed 1in the towers during the present survey
are approximately 0.03 inches [frequency ~0.8-1.5 Hz.] and occur in
the Horizontal Components. Maximum vertlcal displacements observed for
raising or lowering of the span are less than .0l 1inches. No
significant wvariatlion In displacement 1s observed for lowering and

ralsing of the span.

REFERENCE

Weston Geophysical Corporation, 1971, vibration Measurements — Buzzards
Bay Lift Bridge: for Parsons, Brinkeroff, Quade and Douglas, Inc.,
5 p.. 19 fiqures.
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1.0 INTRODUCTION
The following Condition Survey Report was prepared by Childs

Engineering Corporation under an agreement with Modjeski & Masters.
As required by this agreement, Childs Engineering Corporation
performed a structural condition survey of two (2) bridge piers
supporting the main towers of the Cape Cod <Canal vertical 1lift
railroad bridge (see Figure 597-84-1 and Photo #1). This report
presents the results of the Condition Survey and recommendations for
the repair of any damaged or deteriorated portions noted in the

survey.

1.1 REPORT CONTENT

To provide a clear understanding of the work accomplished, the

content of this report will be divided into three parts:

Section 2,0 Inspection Procedure - explaining diving procedures and

inspection methods.

Section 3.0 Existing Conditions - a presentation of data along with
drawings and photographic documentation of typical and

atypical conditions.

Section 4.0 Structural Assessment and Recommendations - assessment
of noted deterioration relating to the structure and
recommendations for the repair of noted ~deterioration
and an estimate of repair costs based on present day

values.
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2.0 INSPECTION PROCEDURE

Above and below water inspection of Piers B and C were performed by
engineer/divers from Childs Engineering Corporation. The abovewater
inspection was limited to visual, non—-destructive techniques includ-
ing confirming existing dimensions, general observations and photo-

graphic documentation of anomalies and typical conditions.

The below water inspection was performed using a surface-supplied
air system (see Photos $#2, #3, $#4, #5). At all times the diver was
tethered to the pier. Hard wire communications between the engi-
neer/diver and engineer/tender facilitated efficient, accurate note-
keeping as well as an additional factor of safety. Due to severe
tidal currents (4-5 knots) in the canal, all underwater inspection

was performed during periods of slack water.

Of the various inspection techniques employed, all were non-destruc-
tive. Selected 1locations on the pier structures were cleaned of
biofouling in order to closely examine the exposed surface. Testing
the soundness of the concrete involved striking its surface with a
hammer to gauge its density. Thickness measurements of the steel
sheet pile surrounding the concrete base were taken at selected
elevations wusing a Krautkramer D-meter equipped with an underwater

probe.

During the investigation no earth removal work or structural
demolition was performed. The conditions noted reflect direct
observation or measurement of structural components which were

accessible. Evaluations of the conditions of hidden components are

-3-



based on our engineering experience or generally accepted

engineering theories.

3.0 EXISTING CONDITIONS

The description of the existing conditions encountered shall deal
with the two piers, B and C, individually. Figures and photographs

shall be included chronologically within each description.

3.l GENERAL OBSERVATIONS

Stones ranging in size from 12" to 18" have been placed on top of

both concrete bases adjacent to the pier stem structure at El. 75.0.

The full perimeter ¢f the concrete bases could not be‘inspected due
to the elevation of the mudline between the concrete base and its
adjacent abutment. The mudline rises above the elevation of the top

of the steel sheet pile, therefore blocking access to the sheet

pile,

The condition of the inaccessible portions of the structure, i.e.,
timber piles, interior concrete and the steel sheet pile below the
mudline, can be assumed to be of comparable condition to the access-

able portions of the structure.

There is no existing fender system about the perimeter of either
pier. Minor ‘hairline cracking is noted on the concrete coping of
both piers (see Modjeski and Masters report). The submarine cable

ducts on both piers were observed to be in excellent condition.



d.2 PIER B

Heavy marine growth covered all portions of Pier B from elevation
100.0 to the mudline [ML] {(see Photo #6). This growth consists
mainly of mussels and sponges along with thin layers of algae. In
some locations the mussel growth is up to 1 foot thick. From Eleva-
tion 100.0 to approximately Elevation 103.0 there is light barnacle

growth on the granite block face.

The underwater concrete portions of the pier appeared to be in sound
condition. There was no spalling, cracking or deterioration of the
concrete noted. When struck with a hammer, the concrete was found
to have 1/8" or less layer of softness. The abovewater concrete
portion of the structure (concrete coping) was observed to be
deteriorating (see Photos #7 and #8). Spalling to a depth of
approximately 1/2" - 3/4"™ accompanied by hairline c¢racking is
present on the concrete surface at the northwest end of the pier,
For additional detailed condition of coping see Modjeski and Masters

report,

The steel sheet piles are generally in good condition. Ultrasonic
steel thickness readings indicate a minimum steel thickness of .215"
(flange), however, average readings were considerably higher (.330"
web; .400" flange), see Fiqure 597-84-2 for thickness readings,
locations and elevations. The cleaned surface of the steel |is
slightly pitted with a maximum depth of less than 1/16" (see Photo
#9). Corrosion by-product which covers the steel is 3/8" to 1/2"
thick with an outer layer of hard, crusty material. Below the outer
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layer there are trapped gas pockets accompanying a soft black layer

of corrosion by-product.

Along the northeast corner of the concrete base there is an 8-foot
section of the steel sheet pile wall which has been damaged. The
damage begins at the northeast corner and runs to the west at the
top of the sheet pile (El. 75.0 to El. 65.0). In this area the
steel sheeting has been flattened and folded over the concrete edge
(El. 75.0) to the southerly direction (see Photo #10). Due to the
deflection and deformation, there is one hole (1"x5") in the flange
of the fifth sheet as counted from the corner to the west at E1.74.0
(see Figure 597-84-3). There is some local crushing of the concrete

in this area, however, this damage appears to be minor.

At the southeast corner of the concrete base the steel sheeting has
not been cut to grade (El. 77.0). The top of the corner sheets were
left at El. 83.0. Also three sections of sheeting were found 10
feet to the south of the concrete base and approximately 25 feet to
the west of the southeast corner of the concrete base. The tops of

these sections of sheeting were left at El. 88.0.

At the west face of the concrete base there are seven 3" pipes
leaning against the steel sheet pile wall (see Photo #1l1). They are
spaced at approximately 2' on center from the east-west center 1line
of the pier to the northwest corner. Apparently the pipes have no

function at the present time.



Joints between granite blocks are generélly found to be in excellent
condition (see Photos #12, #13, #14, #15). At the east and west
ends there are some joints with grout deteriorated at El. 103.25 and
E1.101.25 (second and third joints below concrete coping) to a maxi-
mum depth of 10", Pier B has a total of 62 linear feet of deterio-

rated joint grout.



3.3 PIER €
The marine growth profile for Pier C is similar to that of Pier B.

Underwater portions of the structure are covered with a heavy layer

of marine growth largely consisting of mussels up to 1' thick.

Submerged portions of the exposed concrete were found to be in
excellent condition., When struck with a hammer, the concrete was
found to have 1less than 1/8" of softness (see Photo #16). The
abovewater concrete (concrete coping) exhibits some 1light spalling
(less than 1/2" deep) and hairline cracking. See Modjeski and

Masters report for further coping details.

The =steel sheet piles are in good condition. After cleaning the
surface of the steel, slight pitting was observed on the steel
surface with the pits being less than 1/16" deep (see Photo #17). A
corrosion profile of the steel is similar to Pier B with an outer
layer of hard, crusty material. Behind the outer layer are trapped
pockets of gas and a soft black layer of corrosgion by-product (see
Photo #18). Ultrasonic steel thickness readings indicate a minimal
steel thickness of .205" (flange); however, average readings were
considerably higher (.390, flange; .315, web) see Figure 597-84-4

for thickness readings, locations and elevations.

There is one split interlock along the channel face approximately
20' to the west of the southeast corner. The split originates
approximately 4' above the ML. At the ML the sheet separation is
approximately 3". Concrete, which is exposed at the separation,
appears tc¢ be in sound condition.
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At the northwest corner of the concrete base the exposed sheet piles
have been folded over the top of the concrete edge (El. 75.0) to the
easterly direction (see Figure 597-84-5). The full extent of this
damage could not be determined due to the elevation of the mudline
(El. 74.0) in that area. The damage appears to be minor with no

structural significance.

Joints between granite blocks are generally found to be in excellent
condition. At the east and west ends there are some joints with
grout deteriorated at El. 103.25 and El. 101.25 (second and third
joints below concrete coping) to a maximum depth of 10" (see Photos
#19 and #20). Pier C has a total of 50 linear feet of deteriorated

joint grout.
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3.3 SOUNDINGS

Fathometer runs were made about the pier foundations of the railroad
lift bridge (see Figure 597-84-6) with a white 1line recorder.
Established elevations were used to gauge the water level at the
time of each run. Adjustments were then made with the data being

referenced to mean low water.
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4.0 STRUCTURAJ, ASSESSMENT AND RECOMMENDATIONS
Both Piers B and C are in excellent condition; however, there are a

few minor anomalies which left unattended could become marginal

conditions.

Apparently the steel sheet piling surrounding the piers 1is not
functioning as a structural element. Originally it was placed as a
cofferdam and used later as a concrete form. Presently it is pro-
viding protection to the interior concrete, The loss of steel due
to corrosion is not significant structurally at this time; however,
the steel is providing an effective protective barrier to the con-

crete.

The two locations where an apparent impact has occurred to the
concrete base, (Pier B, northeast corner; Pier C, northwest corner}),
exhibit only local damage to the structure. However, it should be
determined through established survey points that the impact did not

shift the structure's foundation.

A split interlock was noted on Pier C along the channel face. This
condition 1is stable and does not appear to be structurally signifi-

cant at this time.

The function of the three sections of sheeting which were found to
the south of the concrete base of Pier B could not be determined.
However, it appears that they are not an integral portion of the
tower foundation and were probably a temporary structure for the
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construction of the concrete base. To the south of Pier B the three
portions of the sheet pile wall which have not been cut to grade
should be burned off at the proper elevation if they pose a
navigational hazard to small craft operating to the south of Pier B.
The estimated cost to burn the sheets off at grade (El. 77.0 or ML)

would be approximately $2,000.

The deterioration of joint grout between granite blocks is
apparently caused by ice erosion and/or abrasion and is generally
more prevalent at the pier heads. All areas of deteriorated grout
should be removed back to sound grout and then replaced with new
grout. The estimated cost per linear foot is $3.00. The total
estimated cost for Piers B and C is $336.00 plus mobilization and

demobilization.

The above and below water repairs to be made should be inspected
immediately following implementation for quality control. The
underwater portions of the structure should be inspected on a 6-year
basis to determine any change of conditions. Following the
implementation of the recommended repairs, the useful life of Piers

B and C is estimated to be in excess of 25 years.

A comparison of soundings taken in 1971 and 1984 indicates that

there has been little or no change in channel elevation since 1971.
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